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FOREWORD 


This  supplemental  final  report  is  prepared  by  the  Aerojet-General  Corporation, 
Cacrarcrto ,  California,  in  accordance  with  the  requirements  outlined  in  AFSCM 
310-1B,  S-17-12.0-1,  Technical  Report,  and  describes  the  results  of  the  program 
conducted  to  develop  a  turbopump  gearbox  lubricant  for  the  Titan  family  engines. 

This  technical  report  has  been  reviewed  and  is  approved. 


ii 


Report  SSD-TR-65-161-1 


ABSTRACT 


The  development  of  s  turbcpuap  gearbox  lubricant  for  the 
Titan  II  family  engines  was  undertaken  to  formulate  a  new  lubricant, 
which  would  replace  presently  used  Bryco  680  Conojet  (MIL-L-?808D(1) ) 
oil.  haphthenic  mineral  oil  was  selected  for  the  base  because  it 
has  excellent  storage  life  and  propellant  compatibility .  Beweral 
additives  were  admixed  to  provide  oxidation  stability,  good  aeration 
characteristics ,  and  a  high  load-carrying  capacity.  The  task  was 
completed  with  the  selection  of  Humble  3156  gear  lubricant,  which 
is  being  proposed  for  engine  qualification  testing.  Specifications 
covering  all  the  particulars  of  this  new  lubricant  have  been 
written  and  ere  attached  to  this  report.  The  development  program 
encompassed  the  following  tasks: 

1.  Selection  of  basic  candidates. 

2.  Optimisation  of  additives 

3.  Selection  of  final  candidate  lubricant 
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I. 


IHVRODUCTIOR 


Turbopt*p  gearboxes  for  Titan  rocwet  engines  ire  presently  lubricated  vith 
a  di-ester  lubricant  formulated  by  the  Bray  Oil  Company,  Los  Angeles,  California, 
to  meet  a  nov-obsolete  military  specification  (MIL-L-78o8D(l) ) .  This  synthetic 
lubricant  vas  initially  selected  for  the  Titan  II  Weapon  System  (WS107A)  in  1956 
because  its  load-carrying  ability  vas  slightly  higher  than  other  available  lubri¬ 
cants  having  acceptable  viscosity  limits.  However,  several  problems  associated 
vith  the  use  of  this  oil  have  motivated  the  Air  Force  and  Aerojet -General  Corporation 
to  seek  an  improved  lubricant.  These  problems  are: 

(1)  Soap-like  deposits  are  formed  by  lubricant-propellant  incompatibility. 
These  deposits  which  necessitate  turbopump  disassembly  and  cleaning  are  found  in 

a  cavity  formed  by  the  pump  and  gearbox  dynamics  seal. 

(2)  A  gum-like  substance  is  formed  as  a  result  of  incompatibilities  of 
lubricant-gas  generator  gases;  this  gummy  substance  plugs  the  lubrication  oil  filter 
causing  high  pressure  losses  and  results  in  marginal  lubrication. 

(3)  Incipient  gear  teeth  scuffing  is  caused  by  the  lack  of  load-carrying 
capacity  under  certain  severe  operating  conations. 

(M  Logistics  problems  result  from  the  short  storage  life  of  esters;  the 
quality  of  this  lubricant  is  difficult  to  control  because  its  composition  is  not 
known  and  the  lubricant  is  supplied  by  a  single  sc”ree  and  Is  formulated  in  accord¬ 
ance  with  an  obsolete  specification. 

In  a  previous  program  (Ref  1),  conaercially  available  lubricants  potentially 
useful  for  this  application  were  screened  and  found  to  be  incompatible  vith  the 
Titan  system  propellants  and  *aa  generator  products.  At  the  conclusion  of  this 
earlier  program,  three  prospective  additive  formulations  in  a  propellant -compatible 
mineral  base  oil  were  shown  to  be  worthy  of  further  development.  These  formulations 
differed  in  the  type  of  load-carr  Ing  additive  employed  and  are  described  below: 

Candidate 

Ho .  Load-Carrying  Additive  Oxidation  Inhibitor  Anti -Foam  Additive 

1  0.25*  Didodecyl  Phosphate  0,51  Ethyl  TO 2  O.Oll  Monsanto  PC-12U 

2  0,501  Dicresyl  Phosphate  0.5l  Ethyl  ”02  0.011  Monsanto  PC-12U 

3  0.201  Ortholeum  162  0.51  Ethyl  7~2  O.Oll  Monsanto  PC-12UU 
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I,  Introduction  (cont , ) 


The  purpose  of  this  report  is  to  present  the  results  of  a  program  conducted 
to  (1)  optimise  the  concentrations  of  the  above  additive  formulations ,  (?)  evaluate 
each  candidate  by  laboratory  and  component  testing,  and  (3)  select  the  best  candidate 
for  possible  qualification  In  the  T?A. 

Specific  program  objectives  are  as  foi levs : 

(1)  load  Capacity:  Ryder  Gear  test  value  of  3000  Ib/in.  of  tooth  vidth. 

Good  characteristics  of  boundary  lubrication  ari  "break-in"  performance. 

(2)  Competibilitv:  He  reaction  vith  AeroZIHE  50;  no  solid  sludge  forming  a 
precipitate  vith  SO,  or  turbine  hot  gases;  and  no  reaction  vith  the  present 
lubricant. 

;3)  Operational  Characteristics :  Good  coolant  capacity  (minimum  at. rat  lor.) 
and  a  maxim*  viscosity  of  1*  centistokes  at  210°F. 

(4)  Storability:  Ten-year  storage  life  without  corrosiveness  to  metals 
or  ;3  •  in  basic  oil  properties. 

(5)  Quality  Assurance:  Detailed  composition  specification. 

The  work  to  accomplish  tne  above  objectives  was  performed  in  accordance  with  the 
following  program  plan:  (1)  select  basic  choices  of  formulations  from  previous  work, 
(2)  establish  the  optimum  concentration  of  additives  in  each  formula  ion,  (3)  select 
a  final  choice  of  lubricant,  ( k )  perform  comprehensive  laboratory  and  component 
evaluations  of  the  final  candidate  relative  to  the  present  lubricant,  and  (5)  establish 
test  objectives  for  new  lubricant  qualification  programs  if  a  promising  candidate  is 
developed 

For  the  convenience  of  the  -eader  who  is  not  familiar  vith  the  requirements 
of  the  lubricant,  the  first  part  of  the  technical  discussion  contains  a  description 
of  the  Titan  gearbox  lubrication  system.  The  remaining  portion  of  the  technical 
discussion  presents  the  results  of  the  program. 
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SUITiAM 


A  U5W  lubricant  for  potential  uac  in  Titan  II  engine  gearboxes  has  been 
sd  os  a  result  of  laboratory  and  component  tests.  The  quality  of  this 
nt  can  be  easily  controlled -through -the  use  of  a  composition- specification 
is  presented  in  Appendix  -  .  Table  I  lists  specific  program  objectives  and 
ending  accomplishments;  This  table  shows  that  all; initial  objectives  have 
tisfactorily  achieved  except  the  requirements for  noacorroaivenesc. 


It  was  found  that  the  extreme  pressure  additive  (alkyl  acid  phosphate)  reacts 
with  alloy  steelo  (except  stainless  steels)  to  form  an  iron  phosphate  coating.  This 
coating  appears  as  a  light  gray  tarnish  in  the  absence  of  water  and  is  a  gray-black 
tarnish  in  the  presence  cf  0.2%  water  (the  present  oil  specification  limit).  The 
coating  dess  not  affect  the  dimensions  of  the  steel  parts  and  is  expected  to  be  a 
boundary  lubricant  for  hearings  and  a  mild  antirust  film  for  all  steel  parts. 


Although  the  Ryder  Gear  rating  objective  of  3000  lb/in.  was  achieved  in 
standard  Ryder  Gear  tests,  it  was  found  that  when  black  iron  oxide  (currently  used 
on  production  gears }  is  placed  on  the  gears  as  a  coating,  the  load  capacity  of  the 
ne'/ lubricant  i3  reduced  from  3000  to  approximately  1500  lb/in.  To  better  understand 
the  meaning  of  this  data,  the  following  discussion  is  devoted  to  a  summary  of  black 
oxide,  why  it  is  used  in  the  Titan  gearbox,  and  the  mechanisms  by  which  the  two 
lubricants  act. 

Blt.ek  oxide  was  originally  coated  on  gears  to  provide  a  mild  rust  inhibition 
and  to  slightly  increase  load  capacity.  The  load  capacity  of  the  present  di-ester- 
type  lubricant  depends  on  the  formation  of  oxides  and  is  therefore  assisted  by 
the  presence  of  a  black  oxide  coating  and  the  presence  of  an  oxidising  environment. 
Tiie  load  capacity  of  the  new  lubricant  is  provided  by  the  acid  phosphate  additive, 
which  reacts  with  the  iron  surfaces,  apparently  independently  of  the  environment, 
to  form  iron  phosphate.  This  iron  phosphate  is  known  to  possess  a  low  3hear  strength 
end,  thereby,  prevents  asperity  veldlng  (scuffing).  The  presence  of  a  black  oxide 
coating  prevents  the  beneficial  action  of  this  additive.  The  acid  phosphate  coating 
is  approximately  30^  sore  effective  than  the  oxide  formation  with  respect  to  load 
capacity  and  about  equal  in  corrosion  inhibition. 


Ryder  Gear  test  results  have  shown  that  the  load  capacity  of  the  present 
lubricant  is  degraded  when  the  oxygen  in  the  gearbox  is  displaced  by  gas  generator 
products  (a  turbine  seal  leakage)  or  an  inert  atmosphere.  The  load  capacity  of  the 
present  lubricant  as  measured  by  a  Ryder  Gear  test,  decreased  from  2200  to  lbOO  psi 
when  oxygen  was  replaced  by  gaseous  nitrogen  in  the  Ryder  Gear  tester.  The  new 
lubricant , however , was  not"  affected  by  the  exclusion  of  oxygen;  this  is  understandable 
because  the  formation  of  iron  phosphate  does  not  depend  upon  the  presence  of  oxygen. 
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II,  Svaaoa.ry  (cont.) 


Laboratory  gearbox  tests  conducted  at  Western  Gear  Corporation  show  that  the 
new  lubricant  performs  satisfactorily  in  gearboxes  containing  black  oxide  coating 
gears  at  extended  test  durations  and  at  loads  up  to  137?  of  the  normal  value.  The 
new  lubricant  produced  slightly  more  abrasive  veer  than  the  present  lubricant,  but 
this  is  not  considered  to  be  a  problem  within  the  life  requirements  of  field  units. 
These  tests  were  conducted  at  lubrication  oil  Jet  pressures  in  excess  to  20  psi. 

.  s  a  result  of  the  above  test  data,  a  reduction  in  the  lubricant  load  capacity 
requirements  of  the  litan  first-stage  gearbox  was  made.  It  has  been  determined  that 
the  most  severe  gearbox  scuffing  conditions  occur  at  low  oil  pressure  and  with  the 
gearbox  pressurized  with  gas  generator  exhaust  products.  Under  these  conditions,  the 
new  lubricant  is  expected  to  perform  at  least  as  well  as  the  present  lubricant  in 
the  presence  of  black  oxide  coating.  Previously,  it  had  been  assumed  that  scuffing 
took  place  with  an  oil  that  had  a  load-carrying  capacity  of  2000  ppi  at  the  time  that 
scuffing  occurred. 


The  conclusion  reached  is  that  the  load -c tarrying  requirements  are  significantly 
lower  than  previously  estimated.  The  present  conclusion  regarding  scuffing  conditions 
is  supported  by  the  absence  of  scuffing  in  testa  performed  with  the  present  Ixibricant 
under  extreme  loading  conditions,  low  oil  pressure,  and  an  oxidizing  envi-onment ,  as 
veil  as  the  pressure  of  scuffing  on  a  unit  subject  to  nominal  load,  low  oil  pressure, 
and  an  environment  containing  exhaust  products. 

The  relative  performance  of  these  oils  under  the  severe  scuffing  condition 
described  above  is  needed  before  the  new  lubricant  is  used  in  production  units 
containing  black-oxide-coated  gears.  In  new  gearboxes  where  the  black  oxide  can  be 
cnittod,  excellent  antiscuff  performance  at  all  gearbox  conditions  is  predicted  from 
laboratory  tests. 

The  following  is  a  sunsaary  of  program  objectives  and  accomplishments: 


Objectives 


Accomplishments 


Gear  load-carrying  ability  of 
3QC0  lb/in.  of  tooth  width  as 
measured  by  the  Ryder  gear  test. 


More  than  1*000  ppi  at  EPPI  Precision  Inc.; 
2590  and  2900  ppi  at  South’,: est  P.esearch 
Institute;  30^0  ppi  at  Alcor  Laboratories 
Inc . 


No  reaction  with  AeroZINE  50. 


No  reaction  with  AtroZXNE  50  in  a  50-50? 
mix  after  72  hr. 


5a  sludge  forming  or  solid 
precipitate  with 


No  sludge  forming  or  solid  precipitate 
with  in  a  50-50?  mix  after  72  hr. 
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II ,  Summary  ( eont . ) 

Objectives 
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AccoapI * " hamate 


Ho  eludge  forming  or  Bolid 
precipitate  when  exposed  to  gas 
generator  products. 


Equal  performance  to  present 
lubricant  when  contaminated  with 
2%  of  the  present  lubricant. 


10-yr  storage  life. 


No  corrosion  to  gearbox  parts. 


Pass  aeration  test  by  a  clearing 
of  bubbles  in  U  min  after  violent 
agitation  for  1  min  in  a  Waring 
Blendor. 

Aeration  performance  equal  to 
present  lubricant  as  measured  by 
bearing  temperature  rise  In  a 
MO-sec  gearbox  tost. 

Pass  ASTM  foaming  test. 

Maximum  viscosity  of  **  centi- 
otokes  at  210®F. 


No  sludge  forming  or  solid  precipitates 
when  exposed  to  HH3  and  water  (active  con¬ 
stituents  of  gas  generator  products)  at 
concentrations  and  exposure  times  exceed¬ 
ing  an  engine  firing.  No  detectable  filter 
plugging  under  conditions  simulating  those 
which  solidly  plug  the  filter  with  the 
present  lubricant. 

Load-carrying  ability,  filter  plugging, 
propellant  compatibility,  and  other 
laboratory  teste  indicate  performance 
equal  or  better  than  the  present  lubricant . 
A  color  change  from  yellow  to  blue-green 
catalysed  by  ultraviolet  light  has  no 
effect  on  performance. 

Data  on  each  constituent  of  the  new  lubri¬ 
cant  blend  show  that  at  least  a  10-yr 
storage  life  in  plastic-lined  containers 
can  be  expected.  A  blend  containing  the 
same  additives  at  nearly  the  same  con¬ 
centrations  shows  no  degradation  after 
2  yr. 

No  corrosion  of  gearbox  parte  except 
tarri-.iing  of  non-stainless-steel  parts, 
such  .<j  AISI  52100  bearings  and  AISI  1025 
bearing  sleeves. 

Bubbles  clear  in  39  sec. 


New  lubricant  equals  present  lubricant. 


Pass  ASTM  foaming  test. 
Three  centistokes  at  210°P. 
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III. 

COSCLUBIONB  ARP  RECOMMENDATIONS 


This  section  is  divided  into  three  subsections:  "general  conclusions," 
"specific  conclusions,"  and  "reconnendations . "  Following  each  specific  conclusion, 
a  reference  is  given  to  portions  of  the  technical  discussion  where  verification 
of  this  statement  is  given.  The  conclusions  presented  in  this  section  are  based 
upon  the  results  of  laboratory  and  component  tests  which  comprise  Phase  I  of  the 
new  oil  development .  Phase  II  consists  of  qualification  testing  under  actual  engine 
operating  conditions. 

A.  GENERAL  CONCLUSIONS 


The  following  general  conclusions  were  made: 

(l)  Laboratory  and  component  testing  hare  shown  the  following  new 
lubricant  to  be  the  best  of  several  candidates  considered: 


Base  oil:  3-centiatoke  viscosity  (at  210eF) 
naphthenic  base  mineral  oil 


Extreme  pressure  agent: 
Oxidation  inhibitor: 
Antiaeration  agent: 
Corrosion  exhibitor: 


0.3$  Ortholeum  162 
0.5$  Ethyl  702 
0.1$  Monsanto 
50  ppi  Ortholeum  535 


(2)  A  comprehensive  evaluation  of  this  lubricant  relative  to  the 
pr^ent  Bray  Oil  used  has  shown  that  the  new  lubricant  is  superior  in  many  areas 
and,  therefore,  warrants  the  further  testing  under  actual  turbopump  operating 
conditions.  Such  a  program  could  be  structured  to  serve  as  a  qualification 
program.  (Advantages  and  disadvantages  of  the  nev  lubricant  are  listed  following 
these  conclusions . ) 


(3)  The  most  severe  gear  scuffing  conditions  for  current  production 
gearboxes  with  the  prejent  lubricant  are  low  oil  pressure  and  the  displacement  of 
oxygen  by  gas  .enerator  exhaust  products  Under  these  conditions  and  with  black- 
oxide-coated  ge  vrs ,  the  new  lubricant  should  perform  at  least  well  the  present 
lubricant.  The  new  lubricant  will  provide  double  the  load-carrying  capacity  in 
new  gearboxes  where  the  black  oxide  coating  is  not  applied  to  the  gear  teeth 
surfaces.  In  Tit »n  II  standard  production  gearboxes  previously  run  vith  MIL-L-7806D(l) 
lubricant  ,  convert  ion  to  the  new  lubricant  should  provide  equal  or  better  perform¬ 
ance  to  the  MIL-L-  808D(l)  lubricant. 


(k)  A  sp.cific  qualification  program  is  not  presented  in  this  report. 
Program  planning  criteria  are  present,  however,  which  outline  possible  problem  areas 
that  should  be  explored  under  conditions  simulating  those  of  engine  firing.  It  is 
concluded  that  the  planning  philosophy  for  qualification  programs  should  not  be  one 
of  statistical  selection  01  random  gearboxes,  but  one  in  which  the  selection  of  test 
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III,  A,  General  Conclusions  (cont.) 


gearboses  is  made  on  the  basis  of  unit  histories  which  stree»  the  lubricant  in 

a  manner  desired. 

(5)  An  Aerojet-General  composition-type  lubricant  specification  has 
been  prepared  definirv  t  •  base  stock  and  additives  of  the  new  lubricant  formulation. 
Variation  limits  in  the  composition  of  the  extreme  pressure  additives  (Ortholeum 
162  by  DuPont)  have  been  explored  by  Aerojet-General  and  LuPcnt,  ana  no  differences 
in  performance  were  noted.  DuPont  agreed  to  perform  special  quality  control  tests 
on  batches  of  this  additive  supplied  for  Aerojet-General  to  ensure  that  subsequent 
batches  fall  within  the  limits  of  the  batches  tested.  Laboratory  tests  will  certify 
the  quality  of  each  batch. 

The  advantages  and  disadvantages  of  new  oil  are  summarized  as  follows 


au vantages 

Disadvantages 

1. 

Ho  filter  plugging 

1. 

Cost  of  qualification  program 

2. 

Ho  seal  cavity  deposits 

2 . 

Exhibits  characteristics  with 
unknown  effects : 

3. 

Logistics 

a.  Gray  tarnish  on  AISI 

a.  Known  composition 

52100  and  soft  steel 

(guaranteed  future  duplicate 

parts  in  absence  of 

composition  and  performance) 

water 

b.  Greater  than  10-yr  container 

b.  Gray-black  tarnish  on 

storage  life 

AISI  52100  and  sof* 
steel  parts  in  presence 

4. 

Twice  the  load  capacity  in  absence 
of  black  oxide  coating  on  gears 

of  water 

5. 

Load  capacity  is  not  degraded 
by  Inert  gaseous  atmosphere 

c .  Formation  of  white 

emulsion  at  water 
concentrations 

6. 

Prevention  of  rust  on  steel  in 

above  0.2$ 

presence  of  water 

3- 

Only  equal  load  capacity  for 

T. 

Less  lacquer  formation  on  bearings 

production  black  oxide  coated 
gears 

U. 

Special  plastic-lined  oil 
cans  are  required 
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III,  Cooc luslons  and  Roecsraendationa  (eont.) 


B.  SPBCIFIC  C0MCLU8I0H8 

The  folloving  specific  conclusions  were  made: 

(1)  Laboratory  test  results  indicate  that  the  cev  lubricant  varrncts 
further  testing  under  actual  turbopunp  operating  conditions.  Such  a  program  could 
be  structured  to  serve  as  a  qualification  program. 

(2)  The  lubricant  load-capacity  requirements  of  T  tan  first- *tage 
gearboxes  are  significantly  lover  than  previously  estimated: 

(a)  Gear  loads  37l  greater  than  normal  su  aine-*  for  U^OO  sec 
-ill  not  produce  scuffing  vith  either  the  nev  oil  or  presort  ci).  vith  bl&ck-cride- 
coated  gears.  With  black-oxide-coated  gears,  the  present  oil  vates  '310  pp:;  and 
the  nev  oil  rates  1500  to  2300  ppi  in  the  Ryder  gear  tests. 

(b)  In  an  inert  gaseous  atmosphere  (simulating  a  turbine  seal 
leak),  the  present  lubricant  rates  only  1^00  ppi  in  the  Ryder  Gear  test. 

(c)  In  sn  oxidising  atmosphere,  the  reduction  in  luoricant  flov 
to  Increase  the  scuffing  tendency  resulted  in  &  structural  failure  (overheating) 
of  the  pinion  teeth  rather  than  a  scuffing  failure. 

(d)  A  gear  tooth  profile  change  (tip  reKef)  accomplished  ir. 

?960  has  virtuallv  eliminated  scuffing  at  normal  lubrication  Jet  pressures. 

(e)  A  combination  of  lov  lubrication  Jet  pressures  and  a  turbine 
stjl  leak  is  required  to  produce  moderate  scuffing  in  a  200-sec  test,  "his  is  the 
most  severe  gear-scuffing  condition. 

(3)  The  load  capacity  of  the  nev  lubricant,  is  not  detruded  by  an  inert 
atmosphere  because  its  boundary  lubrication  properties  depend  upon  the  formation 

of  ii.n  phosohate ,  vLich  does  not  require  an  oxldixer. 

(U)  Black-oxide-coated  gears  are  detrimental  to  the  lo«u -carrying 
capacity  of  the  nev  lubricant  because  the  oxide  coating  prevents  the  formation 
of  iron  phosphate;  in  standard  Ryder  Gear  tests,  a  drop  from  more  than  bOCC  to 
1500  pp:  v*s  observed;  in  Ryder  Gear  tests  vith  Titan  II  gear  materials,  a  drop 
^o  2300  ppi  vas  observed. 

(5)  Black  oxide  coating  increases  the  Ryder  Gear  rating  of  the  present 
lubricant  from  2100  to  2300  ppi  in  an  oxidising  atmosphere. 
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III,  B,  Specific  Conclusions  (cont.) 


(6)  Crtholeua  162  ie  the  beet  extreme  pressure  additive  of  the  three 
aluitivs*  considered;  .Mdodecyl  phosphate  proved  to  be  insoluble  at  low  tempera¬ 
tures  in  concentrations  required  to  produce  a  Ryder  Gear  rating  of  3000  ppi; 
dicresyl  pi.-'«phate  gave  poor  Ryder  Gear  results. 

(T)  Extremes  in  the  composition  of  Ortholeum  162  do  not  affect  the 
?yder  Gear  rating. 

(8)  Contamination  of  the  nev  lubricant  or  present  lubricant  with 
\j.2%  water  and  O.lf  AeroZIRE  50  does  not  affect  their  performance  in  the  Ryder 
Gear  test. 

(9)  The  usefulness  of  the  Ryde-  Gear  test  in  predicting  the  load 
capacity  of  experimental  lubricants  is  limited  by  poor  repeatability;  the  Ryder 
Gear  rating  of  the  new  lubricant  varied  from  2590  to  more  than  5200  when  it  was 
extensively  tested  by  three  different  laboratories. 

(10)  The  nev  oil  will  not  cause  filter  plugging;  the  present  oil  reacts 
with  product*  from  the  gas  generator  to  form  asmonium  aselate  which  quickly  plugs 
gearbox  filters. 

(11)  The  aeration  and  foaming  characteristics  of  the  present  and  new 
oils  are  equal. 

(12)  The  preservative  properties  >f  the  present  and  nev  oils  are  equal , 

but  both  are  poorer  than  those  of  preservative  oils  (such  as  oils  meeting  Specifications 
KIL-C-8199C  and  MIL-H-6083B) . 

(13)  The  new  oil  produces  no  solid  precipitates  vhen  exposed  to 
propellants,  gas  generator  products,  oil  meeting  Specifies* ion  MTL-L-T8o8D(l ) , 
or  water. 


(14)  The  long-term  storage  of  the  nev  oil  is  estimated  to  be  abater 
than  10  years ,  compared  to  l8  months  for  MIL-L-T8o8D( 1 )  oil. 
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lit,  Conclusions  and  Recosmendations  (cont.) 


C.  PJEC0>#CERIlATI01TS 

The  following  recoesaendations  were  made: 

(1)  The  mineral  base  lubricant  developed  in  this  program  should  be 
qualified  for  all  Titan  engine  applications  by  performing  turbo pump  assembly  gearbox 
tests  under  conditions  producing  (1)  a  maximum  tendency  to  plug  filters,  (2)  a 
severe  scuffing  propensitity,  ana  ?3)  maximum  contamination  by  foreign  substances. 

(2)  The  black  oxide  should  e  omitted  on  the  gear  tooth  surfaces  of 
all  new  production  gearboxes  to  realise  th*  full  potential  of  the  new  lubricant. 

(3)  Although  Ortholeum  162  is  a  satisfactory  load-carrying  additive 
for  this  application,  research  should  be  continued  to  Isolate  an  acid  phosphate 
compound,  or  mixture  of  acid  phosphate  compounds,  which  provide  the  optimum  compromise 
between  load-carrying  ability  and  corrosiveness.  It  appears  that  both  mono-acid  and 
di-acid  alkyl  phosphates  are  needed.  The  molecular  structure  0?  the  alkyl  group 
should  be  larger  than  C^,2  to  avoid  problems  of  insolubility  at  low  temperatures . 
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IV. 


TECHNICAL  DISCUSSION 


This  section  contains  the  relieving  subsections:  (l)  description  of  gearbox 
lubrication  system;(2)  selection  of  the  basic  prospective  formulation;  (3)  optimisa¬ 
tion  of  additives;  (4)  selection  of  a  final  choice  of  prospective  lubricant;  (5) 
evaluation  of  the  final  choice  of  oil;  and  (6)  future  qualification  requirements  for 
the  nev  oil.  Detailed  data  is  given  on  all  candidate  oils  considered  in  order  to 
document  information  of  value  to  the  science  and  art  of  gearbox  lubricant  development. 

A.  GEARBOX  LUBRICATION  SYSTEM 

The  lubrication  system  used  for  cooling  and  lubricating  the  load  carrying 
elements  in  the  gearbox  consists  of  a  lubrication  pump  located  in  the  oil  reservoir, 
oil  passages  to  the  lubrication  oil  Jets  vithin  the  gearbox  and  to  an  oil  cooler 
coupled  to  the  reservoir  (Figure  l).  The  reservoir  is  mounted  to  the  accessory  drive 
pad  on  the  gearbox  input  side  (turbine  side)  and  the  lubrication  pump  is  driven  by  the 
pump  gear  off  the  accessory  drive  pinion.  A  sectional  viev  of  the  first-stage  turw- 
pump  shoving  this  arrangement  is  shown  in  Figure  2. 

The  lubrication  oil  pressure  pump  identified  by  Number  11  Figure  1  dis¬ 
charges  oil  through  ^ort  5  to  the  lubrication  oil  passages  of  the  gearbox.  Oil  Jets 
vithin  the  gearbox  direct  lubrication  oil  to  the  unmeshing  teeth  of  each  gear  mesh. 

A  drain  cover,  located  on  the  lover  part  of  the  input  housing  and  oil  drain  passages 
direct  oil  to  the  lubrication  pump  scavenge  elements  through  Ports  2,  3,  6,  and  7. 

The  scavenge  pumpa  circulate  the  drain  oil  through  the  oil  cooler  to  the  lubrication 
oil  reservoir  where  it  flows,  by  gravity,  through  the  40-micron  filter  element  (screen) 
15  to  inlet  13  of  the  lubrication  oil  pressure  pump  11. 

B.  SELECTION  OF  BASIC  PROSPECTIVE  FORMULATIONS 
i.  Introduction 


A  previous  AEIP  oil  program  was  concluded  with  the  selection  of  a 
4  cer.tistoke  naphthenic  lubricant  designated  Humble  3155  (Ref  l).  The  shortcomings 
of  this  lubricant  vere  excess.. e  aeration  and  marginal  corrosiveness.  Subsequently, 
however,  two  alternative  load-n«--ying  capacity  additives  have  been  synthesized, 
which  showed  a  promising  reduction  in  corrosiveness.  New  prospective  oils  having 
these  two  additives  plus  the  Humble  3155  formulation  modi  fie*  with  an  improved  anti¬ 
aeration  additive  vere  proposed  as  new  candidates.  These  three  initial  candidates  were 
as  follows: 


“-centistoxe  naphthenic  base  lubricant 
0.2>5  didodecyi  phosphate  (Monsanto) 
0.55  Ethyl  702 
0.01$  Monsanto  PC- 124b 
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1.  OR,  RESERVOIR  ASSEMBLY 
1  NO.  i  SCAVENGE  PUMP  INLET  PORT 
fi.  NO,  3  SCAVENGE  PUMP  INLET  PORT 
4.  LUBE  PUMP  DRIVE  SHAFT 
1  PRESSURE  PUMP  DISCHARGE  PORT 
A  NO.  I  aCAVENrr  PUMP  INLET  PORT 
1  NO  5  SCAVENGE  PUMP  INLET  PORT 

I  FILLER  PLU  G 

8  SCAVENGE  PUMP  INLET  MaM  FOLDS 
K!  SCAVENGE  PUMPS  (TYPICAL  <  PLACE* 
II.  PRESSURE  ~'MP 

II  ERRSfl-RILA’-ION  INLET  PORT 
It  PRESSURE  P  MP  INLET  PORT 
K.  OH  SI  MP 


IS.  OIL  SUMP  FILTER  ELEMENT 

1A  OIL  SUMP  DRAIN 

T  FUEL  DRAIN  PORT 

l«  FUEL  (COOLANT i  TUBE  BUNDLE 

T  OIL  RAFFLES 

30.  OIL  DRAIN  PORT 

V,  OIL  COOLER 

22  Oil-  SEPARATION  PLATE 

23  FUEL  Oi T»  *T  DUCT 

«*  uil.  COOLER  DISCHARGE  LINE 
».  OIL  COOLER  INLET  LINE 
».  FUEL  i COOLANT.  OUTLET  CKaMMS 
r.  COMMON  discharge,  manifold  for 
SCAVENGE  pumps 
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97-5  TUREOPUMP  ASSEMBLY  (CUTAWAY  VIEW) 


1  OXIDIZER  PUMP  ASSEMBLY  (PEE, 

2  FUEL  PUMP  ASSEMBLY  .REF, 

•’  FUEL  GEARBOX  SEAL  ASSKMBI  Y 
4  FUEL  (OUTPUT,  SHAFT 
f>  GEAR  (FUEL  SHAFT) 

«  ACCESSORY  (.F  AR  i  LI  HRICATION 
OIL  PUMP. 

7  OIL  COOLER 
f»  FILTER  SCREEN 
9  LUBRICATION  Oil.  PI  MP 
10  LUBRICATION  Oil.  RESERVOIR 
1!  IDLER  GEAR 


12  TURBINE 
ASSEMBLY 

13  TURBINE  (INPUT,  SHAFT 

14  ROLLER  BEARING  .TYPICAL) 

D>  GEARBOX  (INPUT,  HOUSING 
I*  DRIVE  GEAR 

17  GEAR  (OXIDIZER  SHAFT) 

15  GEARBOX  (OUTPUT,  HOUSING 

19  BALL  REARING  (TYPICAL, 

20  OXIDIZER  (OUTPUT,  SHAFT 

21  fearing  retainer  (typical, 

22  OXIDIZER  GEARBOX  SEAL  ASSEMBLY 
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IV,  D,  Selection  of  Basic  Prospective  Formulations  (cont.) 


Candidate  So.  2:  4-centistoke  naphthenic  base  lubricant 
0.5$  dicresyl  phosphate  (Monsanto) 

0.5$  Ethyl  702 
0.01$  Monsanto  PC-1244 

Candidate  No.  3:  4-cer.tistcke  naphthenic  base  lubricant 
0.20$  Ortholeum  162  (DuPont) 

0.5$  Ethyl  702 
0.01$  Monsanto  PC-1244 

The  selection  of  basic  formulations  involved  the  choice  of  the  number, 
types,  and  amounts  of  additives  for  a  mineral  base  oil.  Major  effort  was  directed 
toward  the  selection  of  the  extreme  pressure  additives,  since  the  proper  balance  between 
scuffing  limit  and  lubricant  corrosiveness  is  of  major  importance.  Tentative  amounts  of 
each  additive  in  the  three  new  candidate  lubricants  vere  selected  by  judgement  and 
experience. 


2.  Base  Lubricant  Selection 

The  base  lubricant  selected  is  a  super -refined  naphthenic  base  mineral 
oil  made  by  Humble  Oil  Company  and  designated  3153.  The  mineral  base  oil  provides  a 
large  improvement  in  chemical  compatibility  with  AeroZINE  50  and  nitrogen  tetroxide. 

This  base  stock  has  a  proven  20-year  storage  life  and  has  good  low-temperature  prop¬ 
erties.  Thi3  lubricant  is  manufactured  by  processes  developed  at  Pennsylvania  State 
University  for  the  U.S.  Air  Force  by  Drs.  M.  R.  Fenske  and  E.  E.  Klaus  (Ref  2). 

The  term  "super-  -“^ined"  referB  to  additional  processing  beyond  that 
normally  employ!  in  the  manui’acVu’ o*  conventional  lubricant.  Super-refining 
improves  the  physical  and  chemical  properties  by  removing  undesirable  nitrogen-  and 
oxygen-bearing  compounds  and  chemically  modifying  or  removing  the  aromatics.  It  is 
unavoidable  that  this  process  also  removes  a  few  desirable  components,  such  as  natural 
oxidation  inhibitors  and  anti-wear  agents,  but  this  is  offset  by  an  increased  Buscept- 
ability  to  desirable  additives.  As  with  any  mineral  oil,  a  pressurized  system  blanketed 
with  nitrogen  will  greatly  Increase  the  temperature  capabilities  of  the  lubricant  by 
minimizing  oxidation  and  evaporation. 


The  Humble  3153  base  stock  can  be  described  as  the  lubricant  with  a 
low  viscosity  and  a  low  viscosity  index.  The  pour  point  is  about  -30°F.  It  is  a  high- 
temperature-resistant  fluid  for  use  in  the  temperature  range  of  -30  to  +350°F.  ItB 
properties  are  as  follows : 


Specific  Gravity  at  60°F 
Flash  Point,  C0C,  °F,  min. 

Fire  Point,  COC,  JF,  min. 

Water  Content,  Karl  Fischer,  $  Max. 
Four  Point,  °F  Max. 

Distilled  at  330°F,  10-nna  Pressure 
Kinematic  Viscosity  at  100°F,  CBtk 


0.863  +  0.005 
325 
360 
0.01 
-30 

5$  Max. 

14.2  +  0.7 
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IV,  B,  Selection  of  Basic  Prospective  Formulations  ( cont . ) 


Kinematic  Viscosity  at  210°P ,  estk  3.10  +^0.15 

Viscosity  Index  Min.  6? 

Keut.  No.  0.03 

Molecular  Weight  256 

Storage  Life  20  Years 

Corrosiveness  Negligible 


Two  different  viscosities  (3  and  4  centistokes  at  210°F)  of  this 
mineral  oil  base  were  considered.  The  4- cent i stoke  case  provides  slightly  better  load¬ 
carrying  capacity,  and  the  3-centistoxe  has  better  ant  ■> -aeration  characteristics.  It 
was  previously  determined  that  4-centistoke  oil  was  the  maximum  viscosity  which  could 
be  used  in  this  application  because  of  high  oil  pump  pressure  at  the  start-up  in  the 
gearbox  at  tempt  tures  below  +c0F. 

3.  Selection  of  Additives 


Selection  of  additives  was  a  rathe- 1  complex  problem  because  the  inter¬ 
action  of  the  additives  with  the  gearbox  materials  and  propellants  must  be  considered, 
as  well  as  the  performance  requirements  of  high  load  capacity,  low  aeration  character¬ 
istics  and  good  thermal  stability.  In  formulating  a  new  prospective  oil,  the  number 
of  additives  was  to  be  kept  at  a  minimum. 


The  additives  that  appear  in  each  batch  consist  of  extreme  pressure 
additives  (alkyl  acid  phosphates),  an  anti-oxidant  agent  (Ethyl  702),  a  defosmer  and 
anti-aeration  agent  (Monsanto  PC-1244). 


blends . 


An  anti- corrosive  additive  (Ortnoleum  535)  was  considered  for  certain 


a.  Extret.  Pressure  Additives 

High-load-capacity  lubricants  frequently  require  an  additive 
oo  develop  lubricating  films  which  are  more  resistant  rupture  than  the  film  strength 
of  the  base  oil.  The  anti-scuff  properties  of  the  prospective  oils  depend  upon  the 
surface  reaction  of  the  extreme  pressure  additives  >cith  gear  materials  (Ref  3,  4,  5, 
sind  (>) .  It  is  believed  that  the  mechanism  01  additive  anti-scuff  action  is  the  formation 
of  a  low-shear  compound  which  allows  “sperities  to  be  worn  away  in  an  orderly  manner 
rather  than  welding  together  and  causing  scuffing.  The  surface  rtivity  must  be  a  correct 
balance  betweer  corrosion  and  anti-scuff  activity.  The  interaction  of  all  of  the  above 
influences  cn  additive  anti-scuff  behavior  are  not  completely  understood;  however, 
many  commercial  lubricants  use  extreme  pressure  additives  to  enhance  load  carrying 
capacity. 


The  availability  of  a  low-viscosity  mineral  oil  for  lubrication 
of  high-speed  gearboxes,  such  as  hose  used  in  the  Titan  II  engine,  is  limited  by  the 
eomratrcisl  availability  of  a  boundary  lubrication  additive  which  will  provide  the 
required  anti-scuj.i  properties  at  a  low  viscosity.  The  initial  requirement  of  this 
program  va s  that  an  extreme  pressure  (E.P„)  additive  for  Titan  II  application  should 
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rive  a  Ryder  Gear  rating  of  3000  lb/in.  wad  not  b®  corrosive  to  silver-plated  bearing 
cares  and  other  gear-bos  materials.  The  Ryder  Gear  rating  requirement  was  baaed  on  the 
assumption  that  the  present  MIL~L-78o8d( l)  oil,  which  had  a  rating  of  2000  Ib/in.,  was 
responsible  for  an  incipient  scuffing  condition  which  wma  present  in  the  gearbox. 

On  the  basis  of  previous  work  conducted  (Ref  1),  it  has  been 
determined  that  the  impurities  in  tricresyl  piunphate  are  the  active  species  in  provid¬ 
ing  anti-scuff  properties.  It  would  appear,  therefore ,  that  the  synthesis  of  these 
irxuiities  to  a  high  degree  of  purl*-'  should  provide  a  reliable  method  of  increasing 
the  load  capacity  of  low  viscosity  mineral  oils.  To  this  end,  two  new  additives— didodeev 
rhosphate  and  dicresyl  phosphate— were  synthesised  and  evaluated,  besides  the  existing 
cnti-scuff  Ortholeum  162  additive. 


Ortholeua  162*  is  a  commercial  product  which  can  be  used  to  pro¬ 
vide  gear  anti-scuff  performance.  This  additive  is  a  mixture  of  mono-  and  di-acid 
rhor-phates  at  an  approximate  50:50  ratio.  It  has  been  found  that  both  mono-  and  di¬ 
ne  id  phosphates  are  required  for  good  extreme  pressure  activity.  This  commercial 
product  of  DuPont  is  ‘^adily  available  at  a  reasonable  cost.  It-c  properties  are: 


trJd  Sr.  ASTL.  C-66U 
Phosphorus  %  oy  Height 
Solubility  in  Mineral  Oil 
Decomposition  Temperature 


270 

10 

In  all  proportions 
355tfF 


t  Aati-Oxidani, 


Ethyl  702  oxidiation  inhibitor  was  Jointly  agreed  upon  between 
Pcrojet  and  Dr.  Beerbower  from  the  Esso  Research  Product  Division.  Other  major 
oil  companies  have  also  had  good  experience  with  the  Ethyl  702  additive  in  similar 

applications . 


This  additive  is  used  to  prevent  formation  of  lacquer  or  varnish 
deposits  on  not  rufi-ing  gearbox  parts.  Its  chemical  .structure  is  as  follow:; 


*Du  Pont  registered  trademark 
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k,  U  Methyienebis  (2,6  -  di-tert-butylphenol) 

Properties : 

Form 
Color 

Molecular  Weight 
Flash  Point 
Solubility  in 
Mineral  Oil  at  0°F 

c.  Anti-Aeration  Additive 

An  anti-aeration  additive,  Monsanto  PC-12UU,  was  introduced  to 
in^u^ve  the  "coolant"  characteristics  of  the  mineral  base  lubricant  by  reducing  the 
number  of  air  bubbles  entrapped  in  the  lubricant  during  gearbox  operation.  This  additive 
was  successfully  used  in  England  to  solve  aeration  problems  with  turbojet  engines.  It  is 
produced  by  the  Monsanto  Chemical  Comp  Any  under  the  name  of  PC-124U  Defoaner.  This 
proprietary  organic  polymer  is  highly  effective  in  acidic  or  neutral  mineral  base  oils. 

It  is  completely  soluble  in  minerals  oils  within  the  recommended  dosage  of  1  ppm  to  0 . 2Jt 
by  weight  end  has  a  long  storage  life. 

d.  Corrosion  Inhibitor 

To  prevent  the  formation  of  a  "Vaseline-type"  deposit  formed  on  the 
low-alloy  steels  in  the  presence  of  water  and  to  reduce  the  degree  of  gray  tarnish  on 
similar  stee.\s,  Ortiioleum  535,*  alkyl  ammonium  mixed  alkyl  acid  phosphate  was  introduced. 
Its  properties  are: 


Powder 

Light  yellow 

U2k 

k2k°7 

1.0  to  1,5?  by  weight 


Solubility  in  Hydrocarbons  Completely  miscible 
Phosphorous  Content  6.8?  by  weight 

Acid  No.  ASTM  D-664  107 

C.  OPTIMIZATION  OF  ADDITIVES 

The  purpose  of  this  section  is  to  present  results  of  tests  performed  to 
establish  the  best  concentration  of  each  of  the  additives  for  each  of  the  basic  formu¬ 
lations  described  in  Section  IV, B, 

1.  Anti-scuff  Additives 

Considerable  effort  was  spent  on  the  optimization  of  the  anti-scuff 
additives  because  these  additives  play  the  most  important  part  in  formulation  of  the 
candidate  oils. 


The  estimated  amounts  of  each  three  E.P.  additives  required  to  give  a 
Ryder  Gear  value  of  3000  ppi  are  shown  below: 


*Du  'ont  registered  trademark. 
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Candidate  No.  1:  0.25  Didodecyl  phosphate  0.0l8l$P 
Candidate  No.  2:  0.50  Dicresyl  phosphate  0.0562$P 
Candidate  No.  3:  0.25  Ortholeum  162  0.0262$ 

Three  difft  nt  amounts  of  each  E.P.  additive  were  evaluated  in  each 
basic  formulate  ^n. 


TT5  DDP  *  Didodecyl  phosphate 

(2)  DCP  *  Dicresyl  phosphate 

(3)  Ortholeum  162 
(M  ppi  »  lb/in. 


The  test  revealed  extreme  weakness  of  dicresyl  phosphate  which  did 
not  change  the  strength  of  the  oil  despite  its  heavy  concentration  of  0.5$  by  weight 
This  additive  has  also  shown  a  very  poor  stability  when  reacting  with  ammonia,  which 
is  one  of  the  constituents  of  the  products  of  combustion.  A  solid  yellow  precipi¬ 
tate  has  been  found  in  the  test  tube.  This  type  of  precipitate  would  have  caused 
great  damage  to  filter  and  nozzles  of  the  gearbox  in  case  of  leakage  of  the  products 
of  combustion  into  the  gearbox.  Therefore,  it  has  been  decided  to  eliminate  dicresyl 
phosphate  from  the  oil  program.  The  other  two  additives  favorably  passed  chemical 
compatibility  tests  and  were  selected  for  further  Ryder  Gear  evaluation. 

While  the  Ortholeum  162  E.P.  additive  in  the  prospective  oil  gave 
steady  Ryder  Gear  values,  .  dodeeyl  phosphate  gave  erratic  results.  Investigation  of 
this  inconsistency  showed  that  each  batch  of  didodecyl  phosphate  was  different  from 
one  another.  Oil  containing  the  first  batch  (designated  Batch  A)  of  this  additive  passed 
all  of  the  qualification  tests.  The  second  batch  (designated  Batch  85  of  this  additive 
was  found  to  produce  low  Ryaer  Gear  values  and  high  metal  corrosiveness.  Monsanto 
Company  produced  a  third  batch  in  two  portions  (designated  Batches  C  &  D)  which  demon¬ 
strated  their  ability  to  synthesize  a  product  of  reasonable  repeatability. 
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The  following  summa  j  gives  data  for  the  batches  of  DDP  aa  screened  by 
Aerojet  in  chemical  and  physical  tests: 


DDP 

Melting 

Neutralization 

Crystalline 

Corrosion 

Ryder  Gear 

Batch 

Point, °C 

No.  KOH  mg./gr 

Structure 

Test 

Test 

A 

1+3  to  50 

31+1 

Central 

Passed 

Passed 

B 

1+7  to  1+9 

1+32 

Parallel 

Failed 

Failed 

C 

1+3  to  1*7 

331 

Central 

Passed 

Passed 

D 

1+3  to  50 

3 1+0 

Central 

Passed 

Passed 

Tests  were  performer,  to  investigate  the  difference  betwee  the  above 
batches  and  also  to  establish  an  acceptance  specification  for  the  additive.  The  follow¬ 
ing  conclusions  can  be  made  based  on  the  laboratory  investigation: 

(1)  Infrared  spectra  of  samples  from  Batches  A  and  B  were  found  to  be 
essentially  identical  to  each  other.  Minor  differences  between  the  spectra  can  be  con¬ 
tributed  to  water.  Eoth  samples  contain  water;  however.  Batch  A  contains  more  water 
than  Batch  B.  Since  both  samples  behaved  differently,  the  infrared  spectrum  analysis 
was  considered  inconclusive. 

(2)  A  portion  of  Batches  A  and  B  was  heated  at  110°C  at  atmospceric 
pressure  for  2  hr.  Batch  B  developed  an  amber  color  while  Batch  A  showed  only  slight 
discoloration.  This  is  possible  due  to  the  stabilizing  effect  of  absorbed  moisture 
by  Be* -'h  A. 

(3)  The  melting  points  of  Batches  A  and  B  are  different. 

(1+)  Neutralization  number  of  Batch  A  is  3^1  mg  KQH  per  gram  or  oil, 
while  Batch  B  shows  a  neutralization  number  as  high  as  1+32.  This  number  is  very 
important  in  the  determination  of  the  chemical  activity.  It  is  believed  that  the  high 
neutralization  number  of  Batch  B  resulted  from  a  different  synthesis  method  employed 
by  Monsanto  Research  Laboratory. 

Photographs  (X33)  No.  1,  2,  3,  and  -  of  Figure  3  show  d.f^erent 
conditions  of  Batches  A  and  5.  Whereas  natch  A  shows  ar  amorphous  melted  mas3,  Batch  B 
shows  granular  material  s*ructure. 

Microphotographs  No.  5,  b,  T,  and  8  of  Figure  1*  indicate  a  very 
different  crystalline  structure.  Bui.cn  A  has  centrally  oriented  crystals,  while  Batch 
B  ..hows  parallel  oriented  ...cructure.  Micr'^photogr^phs  of  Batch  C  show  similarity  '~,th 
Batch  A.  (Figure  5).  A  comparison  of  granular  appearance  between  Batches  B  and  C  is  shown  in 
shown  in  Figure  6. 

Thin-layer  chromotography  reveeiv-  that  the  major  di  ^Terence 
between  Batch  a  and  Batch  B  was  purity.  Bat.cn  A  -cut&ined  about  5%  mono-acid  pa os ph ate 
and  di-acid  phosphate,  while  Patch  B  contained  all  di-ao4--4  phosphate  (DDP).  Extra 
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u  r  v  $  t  a  1 1 1  rra  t  i  or,  !ro*  •  aelt  ot  Sawple  A  using  crossed 
p^'’n2Pr!  it  t  aigni ? ic a t ion  o!  MX. 

Crystallisation  Iron  a  welt  of  Staple  8  using  crossed 
pc-lari-iers  it  i  «.,r.i!  uJtion  oi  SAX. 

Cr  vs  ti  1 1  iz  a  tion  Iron  »  (ltdient  aelt  oi  Staples  A  and  B. 

NOTE:  Fhotogrip  Jis  show  i  difference  between  Staple  A  ir.d  Staple  8.  However 

both  staples  show  irs  mount  cl  eutectic  welt  rrr.t  i  ru  r.g  alter  c  r  vs  t  a  1 1  i  t  i  t  lor, 
in  lSiiiutior  ol  lapuxities. 

Figure  4.  DDP  Cry»tail  •’•'e  Structure 
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purification  steps  employed  in  the  sysnthesis  of  Batch  B  apparently  removed  the  5? 
mono-r«-id  phosphate,  while  Batch  B  contained  all  di-acid  phosphate  (DDP).  Extra 
purification  steps  employed  in  the  syntheses  of  Batch  B  apparently  removed  the  55  mono- 
acid  phosphate  which  occurred  as  an  impurity.  It  is  interesting  to  note  that,  con¬ 
trary  to  initial  assumptions,  the  presence  of  both  mono-  and  d' -acids  are  required  to 
provide  good  extreme  pressure  lubrication. 

To  more  readily  compare  and  analyze  data  for  the  different  E.P. 
additives,  a  neutralization  number  (KOH)  was  selected  as  common  denominator  for  both 
E.P.  additives.  This  number  indicates  the  number  of  mg  of  potassium  hydroxide  required 
to  neutralize  acidity  in  one  gram  of  oil.  Ryder  Gear  test  results  vith  side  A  of  the 
test  gears  is  shown  in  Figure  7.  Sides  A  and  B  test  results,  exluding  results  which 
differ  more  than  800  ppi,  are  shown  in  Figure  8. 

In  order  to  establish  the  required  "oncentraticn  didodecyl 
phosphate,  Ryder  Gear  values  were  plotted  against  percent  DDP  in  Figure  9.  The 
characteristic  response  curves  transposed  from  the  KGH  versus  Ryder  Gear  value 
previously  described  are  placed  on  this  curve.  According  to  this  curve,  «  concentration 
of  0.**5  DDP  would  be  required  to  meet  the  3000  ppi  requirement  in  3-centistoke  base 
oil.  It  was  established  that  0.305  of  didodecyl  phosphate  is  the  solubility  limit  of 
this  additive  at  lever  temperatures.  Therefore,  the  optimum  concentration  of  DDP  is 
0.305,  whicn  provides  a  Ryder  Gear  value  of  jDout  2b00  ppi.  In  the  k-centist.oke  oil, 
values  of  Ryder  Gear  were  erratic  but  generally  higher  than  in  the  3-oentistc'<e  blend 
( see  Figure  10 ) . 


The  characteristic  response  curve  of  the  3-centistoke  Orthole^a 
162  oil  is  shown  in  Figure  11.  This  graph  shows  that  a  concentration  of  0.35  is 
required  to  achieve  repeatable  results  above  the  3000-ppi  level.  Figure  12  shown 
similar  results  with  blends  containing  50  ppm  (Ortholeum  835  in  conjunction  with 
Ortholeum  162/ .  The  concentration  of  Ortholeum  162  is  selected  at  the  minimum  value 
meeting  the  Ryder  Gear  requirement  of  3000  ppi  tc  minimize  corrosiveness  to  metals. 

2.  Oxidation  Inhibitor 


Ethyl  702  was  selected  as  an  oxidation  inhibitor  upon  the  recommenda¬ 
tion  and  experience  of  the  oil  industry.  The  concentrat’ on  of  this  additive,  based 
upon  indust  y  experience,  was  established  at  0.55  by  weight.  This  inhibitor  effec¬ 
tively  prevented  formation  of  varnish  or  lacquers  on  the  gearvox  parts  when  heated  in 
the  oil  at  3^7°?  for  five  days. 


3.  Optimization  of  Monsanto  Po-l?****  Defoamer 


The  optimization  cf  Monsanto  PC- 
sevcral  blends  of  both  3-  and  ^-certistcke  visccs 
the  e-centiatoke  base  oil  vith  various  amounts  of 
are  *.hcvr.  beiev: 


def earner  vat  accomplished  with 
ty  oil.  Optimization  test  data  on 
E.F  additives  and  Monsanto  PC-12H 
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Figure  9 


Ryder  Gear  Values  vs  DDP  Concentration,  3-Centistoke  Base  Oil 
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Ryder  Gear  Value  vs  Ortholeua  162  with  Ortholeua  535, 
3-Centistoke  Base  Oil 
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* 

By  Weight, 

-  E,P, 

% 

by  Weight, 
Ethyl  702 

% 

By  Weight, 
Hons.  PC-1241* 

Aeration, 

sec 

Foam  to 
Collapse 
sec 

0.5  DCP 

67 

63 

0.5  DCP 

0.5 

- - 

80 

55 

0.5  DCP 

0.5 

0.005 

91.6 

55 

Candidate  No.  2 

0.5  DCP 

0.5 

0.01 

81 

49 

0.5  DCP 

0.5 

0.015 

94 

60 

0.5  DCP 

0.5 

0.02 

92 

53 

0.25  DCP 

- — 

- — 

90 

47 

0.25  DCP 

0.5 

— 

71 

55 

0.25  DCP 

0.5 

0.005 

86.8 

47 

0.25  DCP 

0.5 

0.010 

81 

47 

0,25  DCP 

0.5 

0.015 

75 

37 

0.25  DCP 

0.5 

0.02 

87.5 

43 

Candidate  No.  1 

0.25  DDP 

0.5 

0.01 

280 

200 

0.25  DDP 

0.5 

0.005 

34l 

175 

0.25  DDP 

0.5 

0.010 

264 

207 

0.25  DDP 

0.5 

0.015 

724 

260 

0.25  DDP 

0.5 

0.02 

468.7 

214 

0.20  Orth  162 

0.5 

0.005 

724 

107 

Candidate  Ho.  3 

0.20  Orth  162 

0.5 

0,010 

1012.9 

132 

0.20  Orth  162 

0.5 

0.015 

1207.6 

8? 

p.20  Orth  162 

0.5 

0.02 

1224.9 

158 

0.20  Orth  162 

0.5 

0.025 

1337 

69 

Aeration  tests  were  performed  according  to  the  Aerojet-General  test 
method,  wherein  200  ml  of  oil  are  heated  to  100 and  agitated  at  high  speed  in  a 
Waring-type  blender  for  one  min.  The  oil  is  then  transferred  into  the  250-ml  grad¬ 
uated  cylinder,  and  the  time  (aeration  sec)  is  recorded  wnen  the  oil  is  clear  enough 
to  see  the  cylinder  graduation  located  on  the  far  side.  The  foam  thickness  and  the 
time  of  foam  collapse  (foam  to  collapse  sec)  is  also  observed. 


The  4-centistoke  base  oil  has  the  rather  poor  aeration  clearing  time 

of  512  sec,  while  the  3-centistoke  oil  needs  only  71  sec  to  clear.  Because  the  three 
prospective  oils.  Candidates  Ho.  1,  2,  and  3  were  made  from  4-centistoke  base  oil,  an 
optimized  value  of  Monsanto  PC-1244  was  required  to  keep  aeration  at  the  lower  value. 

The  results  of  the  aeration  tests  conducted  wiih  the  4-centist~ke  base  oil  can  be  suraed 
up  as  follows : 


Page  21 


Report  SSD-TR-65-I6I-I 
IV,  C,  Optimization  of  Additives  (cont.) 


1.  Base  oil  with  dicresyl  phosphate  E.P.  additive: 

—  excellent  aeration  characteristics 

2.  Base  oil  with  didodecyl  phosphate  E.P.  additive: 

—  marginal  aeration  characteristics 

3.  Base  oil  with  Ortholeum  162  E.P.  additive: 

—  unsatisfactory  aeration  characteristics 

(Maximum  allowable  aeration  time  is  240  sec) 

Over  20  additional  ■’erat^on  tests  were  performed  with  the  oil  contain¬ 
ing  Ortholeum  162,  the  negative  results  of  which  can  be  seen  in  Figure  13. 

Test  results  with  4-centistoke  oil  containing  dicresyl  phosphate  E.P. 
additive  are  plotted  in  Figure  14  and  show  excellent  aeration  characteristics.  Satis¬ 
factory  aeration  characteristics  of  the  4-centistoke  oil  containing  didodecyl 
phosphate,  with  the  amount  of  Monsanto  PC-1244  increased  to  0.10?,  are  shown  in 
Figure  15. 


Above  tests  pointed  out  problems  existing  with  Candidate  No.  3,  which 
contains  Ortholeum  162  E.P.  additive,  while  both  Candidates  No.  1  and  2  have  shown 
good  aeration  characteristics . 

Therefore,  a  decision  was  made  to  change  the  base  oil  from  4  to  3 
centistokes  end  to  increase  the  Ortholeum  content  from  0.20?  to  0.25?  by  weight.  The 
results  of  the  aeration  tests  conducted  with  3-centistoke  base  oil  and  the  new  amount 
~f  Ortholeum  162  are  shown  in  Figure  l6.  The  beneficial  action  of  Monsanto  PC-1244  is 
clearly  seen  in  these  tests,  and  its  amount  was  established  at  0.10?  by  weight. 

Introduction  of  Ortholeum  535  to  suppress  corrosiveness  of  the  oil 
further  reduced  aeration  time  of  the  3-centistoke  Ortholeum  lo2  blend  (Figure  17). 
Comparative  aeration  test  results  ere  shown  in  Figure  10. 

Details  of  the  aeration  test  performed  on  3-centistoke  Ortholeum  102 
oil  (with  Ortholeum  535)  ere  shown  in  Figure  19.  The  present  prospective  oil,  Batch 
No.  4l,  is  a  direct  result  of  the  above  tests  and  has  shown  excellent  aeration  charac¬ 
teristics. 


Final  optimization  of  3-centistoke  cl  with  its  additives  is  shown  in 
Figure  20.  The  influence  of  Monsanto  PO-1244  is  clearly  seen.  The  improvement  of 
this  blend  with  the  addition  of  Ortholeum  535  anti-corrosive  additive  has  been 
demonstrated.  With  the  content  of  Monsanto  PC-1244  at  zero,  the  aeration  exceeded  the 
required  value  of  240  sec.  Gradual  increase  of  this  additive  helped  to  drop  aeration 
time  from  over  700  sec  to  an  acceptable  value  of  90  sec. 
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Aeration  Time  vs  Percent  of  Monsanto  PC- 1244 
(Didodrcvl  Phosphate  Additive) 


Figure  15 
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Aeration  Time  vs  Percent  of  Monsanto  PC- 1244,  Batch  41 
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IV,  C,  Optimization  of  Additive*  (cont.) 


The  strong  anti-aeration  properties  of  the  anti-corrosive  additive 
(Ortholeum  535)  suggests  that  Monsanto  PC-1244  may  not  be  required.  The  decision  was 
made  to  keep  PC-1244  in  the  blend  because  the  mechanism  of  the  Ortholeum  535  action 
is  probably  based  on  surface  active  properties,  and  its  effect  may  not  be  lasting. 

4.  Optimization  of  Ortholeum  535  Anti-Corrosive  Additive 

This  additive  was  introduced  to  combat  corrosion  and  excessive  forma¬ 
tion  of  colorless  precipitates  on  the  soft  steel  in  the  presence  of  water.  Table  I 
illustrates  test  results  conducted  to  establish  the  needed  amount  of  this  additive. 

The  above  tests  show  that  anti-corrosive  additive  is  effective  with 
the  oil  containing  DDP  additive  and  highly  efficient  when  added  to  the  3-centistoke 
oil  containing  Ortholeum  162. 

Further  optimization  of  Ortholeum  535  was  conducted  using  3-centistoke 
oil  with  Ortholeum  162  additive.  Data  from  this  effort  are  summarized  below: 

Base  Formulation  (Batch  hi): 

3-centistoke  Super-refined  naphthenic  base  lubricant 

G.253&  Ortholeum  1^2 

0.5S  Ethyl  706 

0,ljt  Monsanto  PC-1244 


Spindle:  SAE  1020  Polished  to  6  to  10  rms 


Amount  of  Water: 

0,2% 

Five-day 

test,  three  determinations 

Room  Temperature 

l4Q°F 

Vaseline 

Vaseline 

Batch  23 

Spindle 

Formation 

Spindle 

Formation 

Neat 

Black  Gray 

Heavy 

Dull  Gray 

Very  Light 

4. 

25  ppr4  Ortholeum  535 

Gray 

Light 

Gray 

None 

+ 

50  ppm* 

Dull 

Hone 

Dull 

None 

+ 

75  ppm 

Dull 

None 

Dull 

None 

+ 

100  ppm 

Dull 

None 

Dull 

•ppr 

R  =  part  per  million 

A  mixture  containing  5u  ppm  of  Ortholeum  535  was  selected  because 
any  further  increase  of  this  additive  did  not  make  any  noticeable  changes.  Because 
the  minimum  required  amount  of  each  additive  was  considered  to  be  the  best  solution , 
ohe  above  amount  was  accepted  in  the  lubricant  .'orrauxction. 
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TABLK  I 

OPTDGZJLTIOi  TK8T8  WITH  ASTI-CORROSIVI  ADDITIVE  ORTHOLEUM  535 

B&indle  Teat ,  1/2  Diaaeter,  8AE  1020  at  1^0*7  for  lire  dear*  vith  0.2$  Water 

jMtstk  DPP  Oil.  Meet  Corroded  tod  discolored  dark  gray,  no  ppt 

+  25  ppa  PL-535  Lulls  grayish ,  no  ppt 

+  50  pp»  PL-535  Slightly  dull,  no  ppt 

♦  75  p?w  PL-535  Slightly  dull,  no  ppt 

+100  pps  PL-535  Spindle  stained  slightly,  no  ppt 

3-cstk  DDF  Oil.  Heat  Slight  dull  discoloration,  no  ppt 

+  25  pp*  PL-535  Slight  stains,  no  ppt 

♦  50  ppe  PL-535  Slightly  dull,  no  ppt 

♦  75  ppe  PL-535  Slightly  dull,  no  ppt 

+10C  ppe  PL-535  Spindle  slightly  dull,  no  ppt 

3-cgtk  Orth.  162  Oil.  Heat  Spindle  slightly  dull,  oil  hasy 

♦  25  ppn  PL-535  Spindle  slightly  discolored,  no  ppt 

+  50  p pn  PL-535  Spindle  dull,  no  ppt 

♦  75  pp®  PL-535  Spindle  dull,  no  ppt 

+100  ppe  PL-535  Spindle  slightly  dull,  oil  clear,  no  ppt 


Table  I 
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IV,  C,  Optimization  of  Additives  (cont.) 


Hie  protective  action  of  Ortholeua  535  is  also  demonstrated  by  the 
results  of  a  corrosion  resistance  test  summarized  below.  The  posttesu  coupons  axe  shown 
in  Figure  21. 


SAE  1008  coupons  for  four  hours  in  250°  lubricant 
Dipped  in  l£  saline  solution  for  10  min 
Observations  after  24  hr. 


Batch  Ho. 
MIL~L-7808D(l) 

Batch  21  (without  Ortholeum  535) 
Batch  4l  (with  Ortholeua  535) 
Batch  34  (DDF  Lubricant  without 
Ortholeua, 535) 


Observations  after  24  Hours 

Badly  corroded 
Spots  of  corrosion 
No  corrosion 
Badly  corroded 


Favorable  aeration  results  obtained  when  Ortholeum  535  was  added  to  existing 
blends  are  shown  below: 


Foam 


Oil 

Aeration 

Foam 

Thickness,  in 

Batch  13: 

Neat 

380 

23* 

1/2 

With  25  ppm  PL-535 

125 

87 

1/2 

With  50  ppm  PL-535 

56 

37 

1/4 

Batch  26: 

Neat 

106 

64 

3/4 

With  25  ppm  PL-535 

44 

None 

None 

With  50  ppm  PL-535 

33 

20 

1/4 

Batch  33: 

Neat 

46 

15 

1/4 

With  25  ppm  PL-535 

31 

27 

1/2 

With  50  ppm  PL-535 

31 

28 

3/4 

5.  Summary 

Attempts  to  optimize  the  concentration  of  DCP  showed  that  this  addi¬ 
tive  does  not  have  sufficient  lubrication  activity .under  extreme  pressure.  The  optimum 
concentration  of  DDP  based  upon  a  compromise  between  E.P.  activity  and  solubility  is 
0.3$  by  weight.  The  best  concentration  of  Ortholeum  162  based  upon  a  compromise  between 
corrosiveness  and  the  Ryder  Gear  requirement  of  3000  ppi  is  0.35E  by  weight.  The  best 
concentration  of  Monsanto  PC-1244  is  0.1J(  when  used  in  Ortholeua  162  blends  and  0.05JC 
Vhen  used  in  DDP  blends.  The  optimum  concentration  of  Ortholeum  535  is  50  ppm  in 
Ortholeum  lb2  blends. 


rage  24 


Report  S8D-TR-65-161-1 


IV,  Technical  Discussion  (cont.) 

D.  SELECTION  OF  FINAL  PROSPECTIVE  LUBRICANT 

Selection  criteria  for  the  new  prospective  oil  consist  of  the  program 
objectives  outlined  in  the  introduction  of  this  report.  A  large  number  of  blends 
shown  in  Table  X  were  tested  in  laboratory  and  component  tests  and  nearly  all  have 
shown  better  performance  than  the  MIL-L-7808D(l)  lubricant.  Five  of  the  most  promising 
lubricants  were  selected  as  candidates  for  the  final  lubricant.  Each  candidate  was 
screened  against  the  following  tests : 

1.  Ryder  Gear  rating 

2.  Oxidation  stability 

3.  Corrosiveness  with  soft  steel 
Aeration  tendency 

5.  Chemical  compatibility 

6.  Filter  plugging  test 

7.  Solubility 

8.  Western  Gear  aeration  test 

9.  Quality  assurance 

The  five  prospective  oil  blends  were  as  follows : 

E.P.,  Additives  Anti-Oxidant  Anti-Corr.  Defo«Laer 


Batch  No. 

Oil, 

cstk 

Orth.  162, 

% 

DDP, 

* 

Ethyl  702, 

% 

Crtho.  535, 
ppm 

Monsanto  PC-12UU 

% 

20 

3 

— 

0.25 

0.5 

0.05 

21 

3 

0.25 

— 

0.5 

— - 

0.10 

22 

3 

0.28 

— —  — 

0.5 

50 

0.10 

3-4 

1. 

— 

0,25 

0.5 

— 

0,05 

1*1 

"3 

0,30 

— 

0.5 

50 

0.10 

Relative  perfonaar.ee  of  each  of  candidate  oils  after  the  screening 
tests  can  be  summed  up  as  follows: 
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,V,  D,  Selection  of  Final  Prospective  Lubricant  (c>nt.5 


Batch  No. 


Tasks 

20 

21 

22 

3U 

Ul 

Ryder  Gear  Rating 

Pass 

Pass 

Pass 

Pass 

Pass 

Oxidation  Stability 

Pass 

Pass 

Pass 

Pass 

Pass 

Corrosiveness  with  Soft  Steel 

Pass 

Fai led 

Pass 

Pass 

Pass 

Chemical  Compatibility 

Pass 

Pass 

Pass 

Pass 

Pass 

Filter  Plugging 

Pass 

Pass 

Pass 

Pass 

Pass 

Aeration 

Pass 

Pe.ss 

Pass 

Pass 

Pass 

Western  Gear  Aeration  Tests 

Pass 

Pass 

Pass 

Pass 

Pass 

Solubility  of  E.P.  Additive 

Failed 

Pass 

Pass 

Failed 

Pass 

Total  Score 

Failed 

Failed 

Pass 

Failed 

Pass 

Failure  of  Batches  20  and  34  vas  caused  by  the  poor  solubility  of  DDP  at 
low  temperature.  This  could  be  solved  by  the  synthesis  of  an  alkyl  phosphate  in  the 
C. ^  range  rather  than  C10;  however,  the  availability  of  favorable  candidates  illuminated 
the  need  for  this  approach. 

Batch  21  was  eliminated  because  of  its  higher  corrosiveness  against  the 
AIS1  52100  steel  and  mild  steel  (such  as  SAE  1020),  Tt  is  also  p„  ■'ne  to  build  color¬ 
less,  Vaseline-like  precipitate?  on  the  mild  steels  at  room  temperature. 

Bat.h  22  differs  from  Batch  Ul  in  the  amount  of  Ortholeum  162.  An  increase 
from  0.2S  to  0.30)!  by  weight  was  made  to  meet  the  Ryder  Gear  rating  of  3000  ppi . 

C.,  he  basis  of  the  above  comparison,  Batch  Ul  was  selected  as  the  final 
prospective  lubricant.  Humble  Oil  and  Refining  Company,  which  was  "wry  instrumental 
in  the  development  of  this  gearbox  lubricant,  suggested  that  Batch  Ul  be  called  3156 
Gear  Lubricant. 


The  final  formulation  of  the  selected  prospective  lubricant  is  as  follows: 


Base  Lubricant:  Humble  3153  naphthenic  super-refined 

mineral  3-centistoke  (at  2iO°F)  lubricant 


Additives : 


0.303  Ortholeum  lot 
0.503  Ethyl  702 

0.103  Monsanto  PC-12UU 
SO  ppm  Ortholeum  535 


E.P.  additive 
Anti -oxidant 

Be f earner 

Anti-corrcstve  additive 


General  properties  of  the 
the  properties  of  the  MII.--L-7808D  ( 1 ) 


final  prospective 
lubricant 


lubr 


ant  are  compared  with 


r.s Sy  c  x  yo 

Viscosity  at  100 °F,  cstk  lU.2 

Viscosity  at  ,  c ? t k  3,10 

Pour  Point,  °F  -30 


Bryco  880 
MIL-L-7606d(  i  l 
11.0 
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TV,  D,  Selection  of  Final  Prospective  Lubricant  (cont.) 

Bryco  880 


tsso  3156 

VIL~L-7808d(1) 

/'uto-Ignition  Temperature,  °F 

T35 

7-0  " 

Neutralization  No.,  mg/KOH/yr 

0.80  *  0.15 

0.39 

Sample 

Col  or 

Light  yellow 

Yellow 

Ryder  Gear  Rating,  ppi 

250C  to  1000 

]800  to  2200 

Oxidation  Stability 

Excellent 

Excellent 

Corrosiveness  Iron 

Forms  light 
gray  film 

None 

Other  Gearbox  Metals 

None 

None 

Aeration  Tendency 

Very  low 

Very  lew 

Foami  r.g 

Very 

Very  low 

Chemical  Compatibility  with 

Pass 

Failed 

Prop -'ll  ant  a  and  Produces 
of  Combustion 

Filter  Plugging 

Pass 

Failed 

Storage  Life 

Est  11  years 

Pass  -  18  months 

All  the  additives  of  ti  new  formulation  are  '  -ff-the-shelf"  items  and 
have  undergone  excessive  research  by  the  vendor a .  No  spec  request  was  made  to 
specifically  blend  any  of  the  additives,  which  have  shown  the^r  consistency  throughout 
the  development  end  testing. 
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IV,  Tee ha i cal  Discussion  (cent.) 


E.  EVALUATION  0?  FINAL  PROSPECTIVE  LUBRICANT 
(With  Respect  to  Present  Lubricant) 

1.  Introduction 

An  discussed  in  the  previous  section,  the  final  prospective  lubricant 
was  selected  from  among  several  candidates  on  the  basis  of  its  peyformnee  vith  regard 
to  the  pro gras  objectives.  Following  this  selection,  the  performance  of  the  candidate 
lubricant  was  further  evaluated  relative  to  present  lubricant.  Many  of  the  tests  were 
conducted  on  a  parallel  basis  to  provide  an  accurate  corparison. 

This  section  contains  descriptions  of  the  following  laboratory  and 

cosponent  tests : 

a.  Load-carrying  tests  (Ryder  Gear  Tests) 

b.  Gearbox  tests  at  Western  Gear  Corporation 

c.  Filter  plugging 

d.  Propellant  eonpatibility  tests 

e .  Aeration  tests 

f.  Corrosion  tests 

g.  Corpatibility  with  MIL-L-7808D(l)  oil 

h.  Storage  test 

2.  Load-Carrying  Capacity 

The  load-carrying  capacity  of  the  new  oil  was  evaluated  by  conparing 
the  results*  of  Ryder  Gear  tests  and  gearbox  performance  test  with  the  results  obtained 
in  duplicate  tests  with  MIL-L-78o8D( 1 )  oil.  Standard  Ryder  Gear  testing  procedure, 
delineated  in  Appendix  II,  was  varied  in  special  tests  to  more  nearly  duplicate  the 
Titan  II  first-stage  gearbox  operating  conditions.  Special  high-load  gearbox  tests 
were  also  conducted  at  Western  Gear  Corporation  on  the  new  oil  and  MIL-L-7808D(l)  oil. 

a.  Ryder  Gear  Tests 

(l)  Standard  Ryder  Gear  Tests 

The  standard  Ryder  Gear  value  unit  is  pounds  per  inch 
(ppi)  of  tooth  width  and  i3  a  measure  of  the  load-carrying  capacity  of  an  oil  at  a 
particular  set  of  test  conditions.  Each  test  oil  is  evaluated  at  the  same  conditions 
as  specified  in  Federal  Test  Method  Standard  791a,  Method  6508  (Ref  7). 
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IV 5  E.  Evaluation  of  Final  Prospective  Lubricant  (coat.) 


Standard  Ryder  Gear  tests  are  conducted  with  case-hardened 

g ear©  saas  of  AMS-626O  a  teal ,  and  the  tooth  load  is  increased  370  ppi  at  each 
successive  10-sin  run.  In  this  report,  the  above  gear  material  is  referred  to  as 
"standard  Ryder  gears"  and  the  loading  sequence  as  "standard  loading," 

To  correlate  Ryder  Gear  data  obtained  by  different  testing 
laboratories ,  each  laboratory  periodically  tests  a  reference  oil,  and  all  Ryder  Gear 
values  are  rated  according  to  the  reference  oil  in  terms  of  relative  rating  percentage 

as  follows : 


%  Relative  Rating 


Test  Oil  Average  Rating  1CQ 

Reference  Oil  Average  Rating 


Therefore ,  the  higher  relative  ratings  indicate  higher  load-carrying  capacities. 


The  following  table  gives  the  average  Ryder  Gear  value 
and  relative  ratings  for  MIL— L-78o8D(1)  oil  and  the  new  oil,  obtained  by  the  various 
testing  laboratories.  Each  tabulated  value  is  an  average  of  the  tests  or  deter¬ 
minations  by  a  testing  laboratory. 


Testing  Laboratory 

Ryder  Gear 
Value  in  ppi 

%  Rel. 
Rating 

Humber  of 
Determinations 

MIL-L-7808D(l)  Oil: 

EPPI  Precision  Products,  Inc. 

2070 

70.6 

2 

South  Vest  Research  Institute 

2204 

32.0 

4 

152.6 

Avera^  Relative  Rating  - 

76.335 

Batch  hi  Oil: 

EPPI  Precision  Products,  Inc. 

5200 

179 

7 

Souun  West  Research  Institute 

2590 

96 

9 

Alcor  Laboratories 

3040 

106 

3 

381 

Average  Relative  Rating  - 

12735 

A  relative  rating  improvement  over 

MIL-L-7808D(1)  oil 

of  50* 

was  attained. 
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i.ll  standard  Ryder  Gear  data  obtained  from  the  three 
ng  laboratories  is  shown  in  Figure  22.  Based  on  all  the  data  obtained,  the 
,ge  relative  rating  of  Batch  41  oil  is  lkk%.  The  127%  rating  is  conservative 
3  cased  on  the  cost  repeatable  values  obtained.  It  excludes  test  data  extrape- 


*■0 


the  5500-ppi  capacity  of  the  standard  testing  rig. 


In  evaluating  Ryder  Gear  data,  it  should  be  understood 
that  lov  ratings  say  result  from  gear  variations,  such  as  tooth  spacing  and  tooth 
surface  finish.  However,  high  values  can  only  be  obtained  with  oils  that  provide 
high  fils  strength  and  scuff  resistance. 

{ 2 )  Special  Ryder  Gear  Tests 


A  previous  investigation  of  Ryder  Gear  tests  shows  that 
caution  should  be  used  when  evaluating  an  oil  for  use  with  gear  materials  other  than 
AMS-6260  steel  or  operating  conditions  other  than  those  that  can  be  produced  in  a 
Ryder  Gear  machine.  The  following  is  an  excerpt  from  a  report  on  Ryder  Gear  tests 
by  South  West  Research  Institute  on  USAF  Contract  33(6l6)-7223: 

”0n  the  basis  of  the  load -carrying  capacity 
determinations  of  ten  lubricants ,  it  was  found 
that  no  organised  correlation  existed  between 
the  results  obu&ined  with  one  gear  material 
under  a  given  set  of  operating  conditions  and 
those  obtained  with  another  gear  material  under 
another  set  of  onerating  conditions.” 

It  may  be  concluded  that  the  test  results  obtained  from 
standard  Ryder  Gear  tests,  per  Federal  Test  Method  Standard  791a,  Method  6508,  provide 
statistical  data  for  oil  comparison.  However,  more  representative  conclusions  should 
be  based  on  the  results  of  tests  tailored,  as  near  as  practicable,  to  the  actual  gear¬ 
box  operating  conditions.  In  order  to  preserve  data  continuity,  the  standard  Ryder 
Gear  testing  was  changed  in  two  phases:  (l)  gear  material  and  (2)  sequence  of  loading 
increments  and  duration  of  test  at  each  load. 


In  Phase  I ,  the  gear  material  was  not  actually  changed 
but  simply  black-oxide-coated  per  Specification  MIL-C-1392U,  Class  1,  the  same  as 
the  Titan  II  production  gears.  The  following  summary  shows  the  results  of  the 
standard  load  sequence  teats  conducted  by  EPPI  Precision  Products,  Inc.: 


Ryder  Gear 

%  Relative 

Number  of 

Test  Oil 

Value  in  ppi 

Rating 

Determinations 

MIL-L-70O8D( 1 ) 

2315 

76 

k 

Batch  hi 

lh30 

*»7 

k 

The  relative  rating  of  Batch  bl  oil  is  39?  lower  with  the  black  oxide  coating. 
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Figure  22 


Ryder  Gear  Values  and  Percent  Relative  Rating 
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In  Phase  II,  standard  gears  were  black-oxide-coated  as 
above,  and  the  sequence  of  loading  was  modified.  The  initial  load  sequence  and  dura¬ 
tion  was  based  on  normal  operating  cycle  of  the  Titan  II  first-stage  gearbox.  At 
loads  simulating  the  normal  gearbox  load,  the  duration  of  the  Ryder  Gear  test  would 
approach  the  life  of  the  gears  and  the  data  for  eoaparison  would  be  in  terms  of  time. 
The  muster  of  tests  required  makes  the  time  procedure  iapractical;  therefore,  the 
load  increments  were  established  to  simulate  the  gearbox  break-in  load,  full-load, 
and  turbopump  assembly  tests.  Subsequent  load  increments  were  designed  to  obtain 
rating  data  in  ppl  (pounds  per  inch). 

The  loading  sequence  for  these  tests  is  given  in  Table  II 
and  the  Ryder  Gear  values  obtained  with  black  oxide  standard  gears  are  listed  below; 


Ryder  Gear 

%  Relative 

Number  of 

Test  Oil 

Value  in  ppi 

Rating 

Determinations 

MIL-L-7808D( 1 ) 

2360 

77 

1* 

Batch  Ul 

1632 

5l* 

U 

In  order  to  simulate  gear  conditions  in  the  field,  the 
break-in  runs  were  with  1<IL-L-T&05d( l)  oil;  the  test  procedure  was  modified  as  shown 
in  Table  III  to  evaluate  Batch  1*1  oil  at  these  conditions.  MIL-L-78o8D(l)  oil  was 
used  during  the  first  two  break-in  runB  and  then  the  tests  were  continued  with 
??tch  1*1  oil,  plus  2%  MIL-L-78Q8D(1)  oil.  The  2%  MIL-L-7808D{ l)  oil  vat  added  to 
simulate  the  residual  oil  remaining  in  tne  gearbox  in  the  silo  after  draining  and 
flushing.  The  procedures  for  draining  and  flushing  as  well  as  for  refilling  with 
the  new  oil,  are  given  in  Appendix  V  of  this  report. 


The  results  of  these  tests  are  given  below; 


Ryder  Gear 

%  Relative 

Number  of 

Test  Oil 

Value  in  ppi 

Rating 

Determinations 

MIL-L-7808D(1)  break-in 
followed  by  Batch  1*1  plus 

2%  MIL-L~7808D(1) 

2167 

71.7 

1* 

This  is  more  than  a  1* 2 %  iaprovement  over  the  two  previous 
series  of  tests  and  shows  the  adverse  effect  black  oxide  has  on  the  E.P.  (extreme 
pressure)  additives  in  Batch  1*1  oil.  Therefore,  the  test  was  repeated,  except  after 
the  break-in  with  MIL-I>-78o8D(l)  oil;  the  black  oxide  'as  removed  with  pbospheric 
acid;  and  the  test  continued  as  above  with  the  following  results; 

Ryder  Gear  %  Relative  Number  of 

Test  Oil  Value  ip  ppl  Rating  Determinations 

Batch  1*1  plus  3915  129  2 

2%  MIL-L-7808D(1) 
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TABLa,  II 

RIDER  GEAR  MACHINE,  LOAD-SEQUENCa-SIMULATISG  GEARBOX 


Test 

No. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


Tooth  Loed, 

435 

870 

1750 

1750 

1750 

1900 

1900 

2100 

2100 

2270 

2270 

2270 

2450 

2450 


Test  Duration, 
alnutes 

32 

16 

16 

16 

32 

16 

16 

16 

16 

16 

16 

24 

16 

16 


Table  IT 
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TABLE  III 

RYDER  GEAR  MACHINE,  SIMULATING-GEARBOX  OPERATION 


Test 

Tooth  Load, 

Test  Duration 

No. 

_ ERi _ 

minutes 

(Teat  oil  par  MIL-L-T8o8D(l) ) 

1 

U35 

16 

2 

1730 

16 

(Plush 

-  Continue  test  vitfa  Batch  Ll  oil 

♦  2 %  MIL-L~7808D(1)  oil) 

3 

1950 

16 

k 

1950 

16 

5 

1950 

32 

6 

1950 

32 

7 

1950 

32 

8 

1950 

32 

9 

232C 

16 

10 

2700 

16 

11 

3100 

16 

12 

3^80 

16 

13 

3860 

1.6 

Ik 

k230 

16 

15 

i*6C0 

16 

Table  III 
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This  is  a  79%  improvement  over  the  last  test  series  and 
a  150%  improvement  over  black-oxide-coated  gears  with  no  break-in  with  MIL-L-7808D(l) 
oil. 


Titan  II  gears  are  made  of  black-oxide-coated  1*620  and 
9310  steel;  therefore,  these  materials  were  evaluated  by  the  standard  Ryder  gear  load 
sequence,  with  and  without  black  oxide  coating,  with  the  following  results: 


Test  Oil 

Ryder  Gear 
Value  in  ppi 

%  Relative 
Rating 

Number  of 
Determinations 

With  Black  Oxide 

MIL-L-780SD(1) 

2385 

78.2 

2 

Batch  1*1 

2330 

76.2 

2 

Without  Black  Oxide 

Batch  1*1 

3865 

127 

2 

A  relative  rating  improvement 

of  67%  without  black  oxide  was 

attained . 

The  Ryder  Gear  machine  was  used  to  evaluate  both 
MIL-L-7806d(1)  and  Batch  1*1  oils  contaminated  with  water,  AeroZINE  50,  and  extremes 
of  E.P.  additives. 


Tabulated  results  of  these  tests,  shown  in  Table  IV,  indi¬ 
cate  that  these  contaminants  are  ineffective  at  the  allowable  limits  of  gearbox 
contamination. 


In  turbopump  tests  where  a  turbine  seal  leak  occurs ,  the 
atmospheric  environment  in  the  gearbox  is  one  of  inert  or  reducing  gases.  This 
condition  also  exists  during  fligit  because  the  turbine  exhaust  gases  are  used  to 
pressurize  the  lubricating  oil  system  to  minimize  vaporization;  therefore,  a  series 
of  Ryder  Gear  tests  was  conducted  using  a  gaseous  nitrogen  atmosphere,  with  tne 
following  results: 


Ryder  Gear 

%  Relative 

Number  of 

Test  Oil 

Value  in  ppi 

Rating 

Deter mi nations 

MIL-L-7808D(1) 

lU07 

53.0 

2 

Batch  1*1 

2630 

106.3 

2 
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TABLE  IV 

TESTS  07  LOAD -CARRYING  CAPACITY 


Standard  Ryder  Gear  Tests  by  SWRI 


New  oil  at  extremes  of  Ortholeum  162 

composition 

Ave.  Ryder 

Gear  Value, 
ppi 

$  Ave. 

Rel.  Rating 

Max.  mono-acid 

2900 

107 

Min.  mono-acid 

2900 

107 

Standard  Test  except  Nitrogen  Blanketing 

Batch  4l  oil 

2830 

106,3 

MIL-L-T808D(l)  oil 

1407 

53.0 

Reduced  Flow  Test 

Batch  Ul  oil  at  50% 
at  25% 

2197 

916 

82.7 

34.5 

MIL-L-T808d(1)  oil  at  50% 
at  25% 

1575 

1569 

59.4 

59.0 

Special  Ryder  Gear  ’itsts 

Gearbox  load  sequence  with  MIL-L-7808D(l)  oil  break-in 
Black  oxide  by  EPPI  on  Titan  II  gear  materials 

Ave.  Ryder 

Gear  Value, 

_PPi 

$  Ave. 

Rel.  Rating 

Batch  1*1  oil  +  2$ 

MIL-L-T808d(1)  oil 

A  -  1880 

B  •  3980 

96 

Batch  Ul  oil  ♦  0 . 2%  water 
+0.1$  A-50 

1730 

56.7 

MIL-L-T8o8D(l)  oil  +  0.2$  water 
♦  0.1$  A-50 

2575 

84.5 

Standard  Ryder  Gear  Tests 

Batch  1  oil  +0.1$  water 
(Drop  in  K0K  from  O.65  to  0.57) 

3915 

129 

Number  of 

Determination* 

6 

6 

2 

2 

2 

2 

2 

2 


Number  of 
Determinations 


2 


2 


2 
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The  effect  of  oxygen  on  the  ev  ana  present  oils  can  be 
seen  when  the  above  data  axe  coopered  to  the  following  data  from  the  sane  test  with 


an  air  atmosphere: 

R/der  Gear 

%  Relative 

Humber  of 

Test  Oil 

Value  in  ppi 

Rating 

Determinations 

MIL-L-T808D(1) 

2204 

82 

4 

Batch  hi 

2590 

96 

9 

The  Ryder  gear  value  of  the  present  oil,  MIL-L-T808D(l) , 


was  reduced  36%  by  the  neutral  atmosphere,  while  the  value  for  the  new  oil  was  sligitly 
increased.  It  is* concluded  that  the  present  ester-base  oil  requires  oxygen  to  provide 
the  scuff  resistance  indicated  by  the  standard  Ryder  Gear  values.  The  new  oil  provides 
high  scuff  resistance  without  the  present  of  oxygen  by  the  formation  of  iron  phosphate 
on  the  gear  tooth  surfaces  at  operating  temperatures  and  is,  therefore,  not  adversely 
affected  by  turbine  exhaust  gases  in  the  gearbox. 

Tests  were  also  conducted  to  show  a  conparison  of  load¬ 
carrying  capacities  of  the  new  and  present  oils  at  reduced  oil  supply  in  an  inert 
atmosphere.  The  results  of  these  tests  are  graphically  illustrated  in  Figure  30, 
showing  Ryder  Gear  values  vs  percentages  of  normal  oil  supply.  These  tests  show 
that  the  new  oil  is  superior  to  the  present  oil  above  35%  of  normal  oil  supply. 

Complete  Ryder  Gear  test  results  are  shown  in  Table  X. 

b .  High  Load 

The  initial  evaluation  of  load -carrying  and  scuff  resistance 
provided  by  Batch  4l  oil  vs  made  from  Ryder  Gear  values.  As  previously  noted, 

Ryder  Gear  values  are  not  directly  applicable  to  gears  where  the  geai  material, 
tooth  forms  and  dynamic  conditions  are  not  identical  to  those  in  the  Ryder  Gear 
test  arrangement.  The  more  significant  differences  between  the  standard  Ryder  Gear 
machine  and  the  Titan  II  gearbox  operating  conditions  are  listed  in  Table  V, 

Therefore,  the  load-carrying  capacity  of  Batch  4l  oil  was  further  evaluated  in 
Titan  II  gearbox  tests. 

These  tests  were  conducted  at  the  gearbox  production  test 
facilities  maintained  by  Western  Gear  Corporation  ir.  Lynwood,  California.  The  test 
schedule  was  designed  tc  establish  the  maximum  load  carrying  capacity  of  MIL-L-78o8D(l) 
oil  in  terms  of  gear  tooth  surface  vear ;  i.e.,  scoring  and  scuffing  so  that  Batch  4l 
oil  could  be  evaluated  by  comparing  gear  tooth  surfaces  of  the  pinion  gears  after 
being  operated  at  the  same  test  conditions.  These  tests  are  referred  to  as  high-load 
scuffing  tests  to  distinguish  them  from  production  tests. 
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0. }  Test  Equipment 

All  scuff  teats  on  both  oils  were  conducted  with  a  Titan  II 
firet-stage  gearbox  assembled  with  new  bearings  and  gears  to  test  each  oil.  The 
first-stage  gearbox  vas  selected  in  preference  to  the  second  stage  because: 

(1)  The  tooth  contact  stresses  in  the  first  stage  are 

higher  than  in  the  second  soage, 

(2)  The  pinion  gear  teeth  are  loaded  twice  per  revolution. 

These  and  other  factors  cause  the  wear  rate  of  the  pinion 
gear  teeth  of  the  first-stage  gearbox  to  be  the  highest  of  all  the  gears  in  both  stages , 
and,  therefore s  this  vas  the  gear  selected  to  be  inspected  after  each  test  run. 

To  achieve  an  overload  condition  on  the  gear  teeth  within 
the  operating  range  of  the  test  equipment ,  the  width  of  the  pinion  gear  was  reduced 
to  provide  30?  tooth  overload  at  normal  operating  input  torque.  This  loading  is  based 
on  the  average  effective  width  (1*953  in.)  of  the  oxidizer  and  idler  gear  and  the 
effective  width  (1*512  in.)  of  the  reduced  width  pinion.  Because  the  test  stand  can 
be  safely  operated  at  10?  above  normal  rated  load,  it  vas  possible  to  simulate  tooth 
loads  equivalent  to  k2%  overload. 

In  order  to  control  the  lubrication  oil  pressure  to  the 
gearbox,  a  by-pass  line  and  control  valve  was  installed  in  the  lubrication  oil  circuit 
between  the  lubrication  pump  discharge  and  the  lubrication  oil  reservoir.  The  lubri¬ 
cation  oil  pressure  to  the  gearbox  was  controlled  by  varying  the  flow  in  the  by-pass 
line.  It  is  significant  that  the  oil  flow  in  the  by-pass  line  did  not  enter  the 
gearbox.  This  method  provided  adequate  control  of  lubrication  oil  pressure  to  the 
gearbox  during  all  five  test  rims . 

The  conditions  of  this  test  were  maintained  to  obtain  scuff 
data  at  reduced  lubrication  oil  flow  to  the  gearbox  and  should  not  be  construed  to 
represent  all  conditions  of  low  oil  pressure  recorded  during  a  TPA  test.  In  these 
tests,  the  pressure  to  the  gear  vas  reduced  by  an  external  by-pass,  whereas  in  a  TPA, 
the  oil  flew  to  the  gearbox  is  relatively  constant  and  pressure  decay  is  attributed 
to  thermal  expansion  of  components  am  subsequent  internal  leakage. 

(2)  Scuff  Test  with  MIL-L-78o8D(1)  Oil 

The  first  scuff  test  was  conducted  with  MIL-L-7808d(1)  oil 
in  accordance  with  the  load  conditions  given  in  Table  VI.  After  each  test  rue  of 
200  or  more  sec ,  the  working  side  of  the  pinion  gear  teeth  were  visually  inspected 
through  the  speed  transducer  port.  Gear  tooth  surface  disturbances  and  changes  in 
surface  conditions  observed  during  the  visual  inspections  are  also  tabulated,  adjacent 
to  each  test  run.  After  ^720  sec  of  operation,  the  gearbox  was  disassembled  for 
detail  ,  ;  portion  and  aaerophotograpfaing  of  the  pinion  gears.  The  test  time-load 
schedule  for  this  test  is  ahown  graphically  in  Figure  36. 
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PER  MIL-L-To08d{1) 


! 


■  CBO  i!0. 

%  Lea ign  Load 

Duration  t  sec 

1 

25 

h  00 

■  j 

200 

U 

ICO 

200 

•i 

100 

400 

J 

lip 

200 

c 

115 

200 

7 

1 2 

200 

6 

125 

2  jQ 

9 

125 

kQO 

ft 

125 

h00 

11 

137 

200 

12 

137 

200 

13 

137 

320 

It 

137 

koo 

15 

137 

400 

16 

137 

LOO 

Total  run  time  *<720  sec 


Inspection  Results 

Two  light  ecratcbes  0,025  in.  apart 
3/16  in,  from  upper  end  of  all  31 
teeth. 

Ho  change 

No  change 

Very  light  scratches  on  addendum 
near  O.b.  Ho  scuffing. 

Very  light  scratches.  Ho  scuffing. 

Light  abrasion. 

Slight  increase  in  light  abrasion. 

Ho  change 

Superficial  scuffing  near  involute 
profile.  Modification  in  addendum. 

Hoticable  increase  in  width  of  light 
scuff  pattern. 

Wide  superficial  scuff  sards  visible 
at  Test  10  are  less  distinctive  due 
to  fine  abrasive  action. 

Ho  scuffing.  Slight  increase  m 
abrasion  and  previous  scuff  marks 
worn  away. 

Black  oxide  in  addendum  of  working 
surface  appears  lighter. 

Light  abrasion.  Ho  appreciable  change. 

Slight  roughness  in  addendua  near 
center  of  tooth  width. 

Slight  increase  in  roughened  area. 

Ho  other  significant  change. 


Table  VI 


Report  SSD-TR-65-161-.1 

IV,  E,  Evaluation  of  Final  Prospective  Lubricant  (cont.) 


(")  Scuff  Tests  Vith  Batch  hi  Oil 

(a)  Test  Conditions 

The  second  test  was  conducted  with  Batch  1*1  oil  in 
the  same  gearbox  assembled  with  new  bearings  and  gears  identical  to  those  \ised  in 
the  first  ecuff  test.  The  test  time  and  load  schedule  for  these  tests  are  shewn 
graphically  in  Figure  36  as  Tests  1  and  2. 

All  operating  conditions  and  inspection  procedures 
of  the  first  scuff  test  were  repeated.  The  pertinent  operating  conditions  and  inspec¬ 
tion  results  are  tabulated  in  Table  VII. 

(b)  Initial  Scuff  Data  Discussion 

Visual  inspection  of  the  pinion  gears  after  the  above 
tests  revealed  that  the  gear  tested  with  the  new  oil  had  more  wear  than  the  gear 
tested  with  MIL-L-T808D(i)  oil.  The  black  oxide  coating  on  the  gear  tested  with  the 
new  oil  had  been  removed,  and  there  were  more  radial  scratches  in  the  addendum  of  the 
teeth  than  on  the  gear  tested  with  MIL-L-T808d(1)  oil.  Photographs  of  these  pinion 
gears  are  shown  in  Figures  23  and  2k. 

It  should  he  noted  that  the  original  grind  marks  are 
visible  on  both  gears  but  are  more  pronounced  in  Figure  23  (the  gear  tested  with 
MIL-L-78o8d(1)  oil),  because  it  has  retained  most  of  the  black  oxide  coating.  The 
light  area  at  the  left  side  of  Figure  2k  (the  gear  tested  with  the  new  oil)  is  the 
result  of  the  grinding  asperity  wear.  The  abrasive  wear  to  the  right  is  little  more 
than  superficial  because  the  depth  is  equal  to  or  less  then  the  original  grind  marks. 
Alternate  light  and  dark  areas  at  the  left  of  Figure  2l*  give  an  inverted  illusion  of 
waviness  that  does  not  actually  exist. 

Gear  tooth  wear  is  determined  by  comparing  the  invo¬ 
lute  profile  tracer  before  and  after  the  teBt.  Involute  traces  of  the  gear  tested 
wivh  MIL-L-7808b( l)  oil  are  shown  in  Figure  25  and  show  a  very  moderate  wear  of 
0.GGC1  in.  Figure  26  shows  the  involute  traces  of  the  gear  tested  with  the  new  oil 
ana  shows  that  the  wear  is  less  than  0.002  in.  on  the  working  surface. 

Figure  2?  are  sample  traces  labeled  to  illustrate 
more  clearly  the  significance  of  the  forging  figures .  Figure  27b  shows  the  new  gear 
involute  limits  superimposed  on  the  traces  of  Figure  26b.  The  position  mashers 
located  near  the  bottom  of  the  traces  pertain  to  areas  of  the  tooth  vhere  the  trace 
is  made.  Positions  1  and  3  correspond  to  locations  approximately  1/8  in.  fro®  the 
ends  of  the  tooth  (measured  parallel  to  the  axis  of  the  gear)  and  Position  2  to  the 
center  of  the  tooth. 


It  should  be  noted  that,  except  for  tip  wear  resulting 
from  heavy  overloading,  the  working  surfaces  of  both  gears  are  still  within  new  gear 
limits  after  1*720  sec  of  run  time  (Figure  28).  Therefore,  on  the  basis  of  these  tests, 
it  can  be  concluded  that  both  oils  perform  acceptably. 
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TABLE  VII 

TESTS  U8IHG  BATCR  1*1  OIL 


Teat  Bo. 

$  Deaign  Load 

Duration.  *ec 

Inspection  Results 

1 

25 

ICO 

Black,  oxide  on  working  surface  id  gray. 

2 

50 

200 

Pine  abrasion  nea*  tip  of  teeth. 

3 

100 

200 

So  change.  Working  surface  still  gray. 

k 

100 

U00 

Very  light  scratches  at  tip  PM 
(profile  modification). 

5 

115 

200 

Light  scratches. 

6 

115 

20C 

Slight  increase  in  scratches  at  tip  PM. 
Light  scratches  noted  in  addendum. 

T 

115 

.  '0 

Scratches  surface*  appear  ea  fine 
abrasion. 

8 

125 

2QC 

No  apparent  change. 

9 

125 

100 

Abraeed  area  increased  slightly  at 
tip  m. 

10 

•.  r  c 
-*  —  y 

400 

Abrasion  increased. 

11 

137 

200 

Abrasion  coarser. 

12 

137 

200 

So  apparent  change  in  abrasion. 

Working  surface  roughness  increased 
near  pitch  diameter.  Two  or  three 
light  score  lines,  in  addendum  of  each 
tooth. 

13 

137 

320 

Scoring  slightly  increased.  Working 
surface  burnished. 

1^ 

137 

100 

Light  scoring  abrasion  line  near 

the  tip  at  center  of  teeth  has 
increased  in  length  to  within  3/8  in. 
from  the  sr*d  of  r.ne  teeth. 

15 

137 

400 

Line  of  abrasion  increased  in  length 
to  within  .1/1  in.  of  ths  end  of  the 
vseth. 

16 

137 

loo 

Line  of  abrasion  Increased  to  full 
width  of  teeth. 

‘Tot el  run  time 

1720  gee 

Table  VII 
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Figure  23,  Pin  3 


on  Gear  3N  .049  (4720  see  in  Gil  per  MIL-L-7808D( 1 ) ) 


Figure 


Gear  8N  1848  (472G  sec  in  4720  Gear  Lubr’car.t; 
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NEW  GEAR  PROTILE 


AHTW  R'JMNING  *”20  SBC  7**  nTf 
per  (MIL-L-78C8Di 1 ) ) 


— »*"j  ,oO/ j-*»— 


Involute  Profile  (Oil  per  MIL-L-7S06D  (D) 


Figure  25 
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NEW  GEAR  PROFILE 


AFTER  RUNNING  4720  SEC 
IN  BATCH  41  OIL 


Involute  Profile  (3156  Lubricant) 


Figure  26 
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AFTER  RUKrm>G  4720  SEC  IN  MIL-L-7808  j(I)  THIN  2800 
oSC  IN  a'  ::■*  GIL  AND  2%  OIL  PER  MIL-L-7808  D(1) 


P/AJ  * /S  OS  a  7 


S/a/ <r  000/0 +9 


OO’  f~« — 
I 


? 


Involute  Profile  after  Tests  of  4720  and  2500  sec 


figure  28 
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IV,  E,  Evaluation  of  Final  Prospective  Lubricant  (cont.) 

(4)  Scuff  Test  Simulating  Field  Gearbox 

A  third  test  was  conducted  to  determine  the  scuff  resis¬ 
tance  provided  by  the  new  oil  on  gears  in  the  field;  i.e.,  gears  previously  run  for 
prolonged  periods  vith  MIL-L-78q8d(1 j  oil.  This  test  was  conducted  using  the  same 
gearbox  and  components  that  were  used  in  the  4720-sec  test  with  MIL-L-7808D(l)  oil 
(see  Table  VIII).  When  a  gearbox  in  the  field  is  drained  and  flushed  in  accordance 
vith  the  draining  and  flushing  procedure  given  in  Appendix  V  of  this  report,  the 
amount  of  MIL-L-760fiD(l)  o<1  remaining  in  the  gearbox  will  be  less  than  2 %  by  weight; 
therefore,  this  test  was  conducted  using  the  new  oil  plus  2%  MIL-L-78Q8d(1)  oil. 

The  operating  conditions  of  this  test  are  given  in  Table  VIII. 

The  inspection  results  after  each  test  run  show  no  scuffing 
occurred  during  the  eight  runs,  which  totaled  2800  sec  at  20)1  overload.  This  pinion 
gear  nov  has  a  total  run  time  of  7520  sec,  with  4720  sec  with  MIL-L-7808P(l)  oil 
prior  to  this  test.  The  test  load  and  run  duration  of  Test  3  is  graphically  illustrated 
in  Figure  36.  The  photograph  taken  after  Test  3  is  shown  in  Figure  29.  It  shows  a 
light  scored  pattern  through  which  the  original  grind  marks  are  still  visible.  The 
full  working  surface  of  these  teeth  is  bright  metal  vith  no  black  oxide  coating.  The 
lighting  for  this  photograph  was  intentionally  adjusted  to  accentuate  the  light  areas 
shown. 

The  gear  tooth  wear  during  the  last  2800  sec  is  determined 
by  comparing  the  involute  profile  traces  shown  in  Figure  28,  with  the  piofile  traces 
shown  in  Figure  25b,  which  were  made  after  the  4720  sec  test  vith  MIL-L-78o8D(l)  oil. 

The  wear  during  the  last  test  was  uni  form  and  lees  than  0.002  in. 

It  may  be  concluded  that  Batch  41  oil  contaminated  vith 
2%  MIL-L-7808D(l)  oil  provides  adequate  scuff  resistance  for  Titan  II  gearboxes 
previously  operated  with  MIL-1~7&06d(1)  oil. 

15)  Scuff  Test  at  Reduced.  Lubrication  Jet  Pressure 

A  fourth  gearbox  test  was  conducted  vith  MIL-L-7806D(1) 
oil  to  determine  if  the  loss  of  lubrication  oil  jet  pressure  (FLD--GGB)  to  the  gears 
is  the  major  cause  of  scuffing.  This  test  was  conducted  with  the  same  gearbox  used 
in  the  previous  scuff  tests  assent  ed  with  a  set  of  new  bearir.g3  and  gears  .  The 
piston  gear  for  this  test  was  also  a  reduced  width  pinion.  The  conditions  of  this 
test  are  given  in  Table  IX  and  are  graphically  iiiustrsted  in  Figure  36  as  Test  4, 

After  195  sec  of  the  fifth  test,  the  pinion  gear  failed, 
and  the  test  was  stopped.  The  condition  of  the  gearbox  after  the  pinion  failure  is 
shows;  in  Figures  31  and  32.  All  teeth  of  the  pinion  gea”  failed,  and  two  teeth  of 
the  idler  rear  are  broken  as  shown  in  Figu **s  33  and  34.  The  hardness  of  tne  oxiditer, 
idler  ,  and  fuej.  gear  teeth  (measured  at  the  tip)  showed  a  reduction  of  15  to  20%  due 
to  overheating.  It  should  be  noted  that,  while  the  pinion  gear  failed  completely, 
there  was  no  visible  scuffing  on  any  of  the  other  g*.ir  teeth. 
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TABLE  VIII 

TESTS  USXIG  BATCH  kl  OIL  AID  2%  MIL-L-T808D(1)  OIL 
(On  the  Suae  Geers  Used  for  Tests  shovn  in  Table  I) 


Test  lo. 

%  Design  Load 

Duration,  sec 

Inspection  Results 

1 

120 

200 

Abrasion  In  addendum  is  coarser  than 
in  previous  test  following  gearbox 
split . 

2 

120 

200 

Above  abrasion  finer.  Width  of  wear 
pattern  increases  near  center  of 
tooth  vidth. 

3 

120 

1*00 

Ho  significant  change. 

k 

120 

400 

Line  of  abrasion  just  belov  the  tip 
profile  modification  and  at  the 
extreme  tip  is  more  distinct. 

5 

120 

400 

Fine  radial  lines  in  addendum  near 
the  center  of  teeth.  Grind  marks 
are  visible  through  black  oxide  on 
full  working  surface  of  all  teeth. 

6 

120 

400 

Fine  line  radial  scratches  diminished 
working  surface  appears  to  be 
polishing  near  center  of  tooth. 

7 

.20 

400 

Ho  major  'han^e;  fine  radial  lines 
in  addendum  still  visible  except  st 
center  of  tooth. 

8 

120 

400 

Ho  major  change. 

2800 

l6  previous  runs 

4720  (see 

Table  I) 

Total  run  time  7520  sec 


Table  VIII 
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TABLE  IX 

SCHEDULE  FOR  LUBRICATIOI  JET  REDUCED  PRESSURE  TESTS 
WITH  MIL-L-7808DU)  OIL 


Test 

Wo. 

i 

Design 

I-oad 

Duration, 

sec 

Initial 

Jet, 

P«i 

Final 

Jet, 

psi 

Inspection  Results 

1 

25 

200 

4h 

30 

Abrasion  in  addendum  due  to 
foreign  particles. 

2 

50 

200 

40 

28 

Abrasion  in  addendum  appears 
finer  than  Test  1. 

Black  oxide  appears  thinner 
than  on  gears  tested  earlier. 

3 

115 

200 

20 

14 

Ho  scuffing.  Bright  spot 

0.030  x  0.050  in.  In  adden>  an 
at  end  of  each  tooth. 

4 

115 

200 

10 

6.5 

Bright  ep  i  at  end  of  teeth 
Increased  in  axial  length. 
Bright  area  has  polished  scuff 
pattern. 

5 

115 

195 

10 

7 

Pinion  gear  failed. 
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RYDER  GEAR  TEST  RESULTS 


T**t 

Ub 


EP?I 


WPI 


KPFI 


Ub 

Ref 

ASC 
!i  tcfc 

Oil 

Viev.j 
C3*Jt  fit 

DSP, 

Batch 

Ortho. 

162, 

Ortho . 
535, 

Ethyl 

702, 

Hons an to 
PC -1244 , 

DC?, 

Gear  Value,  ppl  Raf 

iva .  Eel, 
Ratios, 

Sides  A 

Black 

Oxide 

gpL_ 

•;<Q. 

?K>*F 

Syzbol 

i 

■  PS* 

< 

8  id*  A 

SideB 

Ava. 

sIL 

All  »,< 

Pinlah 

7 

i 

4 

A 

... 

0 .  *0 

0.01 

a 

a 

— 

... 

... 

... 

0.50 

9 

9 

... 

0,20 

... 

10 

V>/ 

... 

... 

0.15 

... 

... 

... 

3140 

3140 

10 

10 

... 

... 

0.15 

... 

2020 

4990 

35=5 

2889 

121.3 

So 

u 

11 

... 

... 

C.cO 

... 

... 

... 

4000 

4350 

4175 

2889 

144.5 

So 

1 2 

12 

... 

0.2H 

... 

... 

4020 

6250 

5135 

2889 

177.7 

Ho 

13 

13 

0 . 20 

A 

... 

... 

... 

6870 

8350 

7610 

2889 

263.4 

V  0 

m 

i!4 

0,35 

A 

... 

... 

— 

6650 

9380 

8015 

2689 

277.4 

So 

15 

15 

A 

... 

— 

765-0 

8250 

7950 

2839 

275.2 

So 

»0 

16 

... 

... 

... 

... 

0.20 

1500 

1500 

1525 

288? 

52.8 

SO 

1? 

17 

... 

... 

... 

... 

0.25 

1050 

1333 

1190 

2869 

41,2 

SO 

18 

18 

... 

... 

... 

... 

0,50 

1290 

*80 

1385 

2889 

47.9 

so 

19 

19 

4 

0.30 

A 

... 

... 

0.20 

(Hot  ran) 

... 

... 

... 

£QA 

£GA 

3 

0.15 

D 

... 

... 

— 

1270 

I180 

1225 

2920 

42  0 

So 

2QA 

20A 

0.20 

S 

... 

... 

... 

680 

1010 

645 

2920 

28.9 

So 

CCA 

£OA 

0.25 

B 

... 

... 

o.oi 

...» 

1*0 

1430 

1235 

2923 

42.3 

So 

CO 

20 

0.25 

... 

— 

0.05 

... 

3600 

2190 

2395 

2920 

82.0 

So 

£1 

21 

... 

... 

0.25 

... 

0.10 

... 

28W 

2590 

2770 

2920 

*.9 

So 

£1 

21 

... 

... 

0.25 

... 

0.10 

... 

2560 

2840 

2700 

2920 

92.5 

SO 

21 

21 

... 

... 

C.25 

... 

0.10 

... 

7050 

6900 

6975 

3071 

227.1 

Bo 

£1 

21 

_ 

— 

0.25 

... 

0.10 

— 

6770 

5440 

6105 

3071 

198.8 

So 

21 

21 

3 

_ 

... 

0.25 

... 

o.iO 

... 

6690 

6690 

C690 

3071 

217.8 

So 

22 

30 

3 

... 

... 

0.25 

50 

^.10 

... 

J800 

3960 

3393 

2840 

137.0 

So 

22 

22 

3 

... 

... 

0.25 

50 

0.10 

... 

21,00 

2860 

2630 

2920 

90.0 

SO 

22 

22 

? 

— 

... 

0.25 

5C 

0.50 

0.10 

... 

2580 

2900 

2725 

2920 

93-3 

So 

23 

23 

3 

0 . 50 

A 

... 

... 

0.01 

... 

31*30 

Uooo 

3715 

2810 

132.2 

So 

£** 

2i* 

4 

0.10 

A 

... 

... 

0.01 

... 

920 

1270 

1095 

2810 

39.0 

So 

25 

25 

4 

0.15 

A 

... 

... 

0.01 

... 

203 ; 

5170 

3600 

2810 

128.1 

So 

3*j 

26 

3 

0.25 

A 

... 

... 

i.oi 

... 

1780 

5520 

3650 

2610 

129-9 

So 

27 

27 

3 

... 

... 

0.20 

— 

0.10 

... 

1570 

2870 

2220 

28* 

79.2 

So 

28 

23 

U 

0 . 2D 

A 

... 

50 

0.01 

... 

1665 

3000 

2332 

2840 

82.1 

SO 

29 

29 

3 

0.2$ 

A 

... 

50 

0.50 

0.01 

... 

1890 

2640 

2265 

2840 

79-8 

So 

31 

31 

i 

0.25 

A 

... 

... 

0.50 

0.05 

... 

1750 

2360 

2055 

2840 

72.4 

So 

32 

"»2 

3 

... 

... 

0.25 

... 

0.03 

... 

1490 

1783 

1635 

2940 

57.6 

So 

33 

33 

3 

--- 

... 

0.25 

... 

... 

3300 

3500 

3400 

28* 

121.2 

So 

3s* 

3'C 

U 

0.25 

C 

... 

... 

... 

2*0 

3610 

2825 

2920 

96-7 

So 

3s* 

34c 

4 

0.25 

C 

... 

... 

... 

2010 

U06O 

3*5 

2920 

i*.3 

So 

35 

35C 

3 

0.15 

r 

... 

... 

... 

1130 

1280 

1205 

2920 

41.3 

So 

36 

36C 

i 

j 

0-35 

r 

... 

... 

... 

2870 

3170 

3020 

2920 

103.4 

So 

37D 

373 

3 

0.50 

D 

... 

... 

... 

2700 

3680 

3190 

2860 

110.8 

So 

36 C 

36C 

3 

0.25 

C 

... 

... 

... 

2040 

2900 

2407 

2920 

82.4 

So 

38c 

38c 

3 

0.25 

c 

... 

... 

0.50 

0.05 

... 

1590 

2390 

1990 

29» 

68.2 

So 

XXL -L -7906 

3 

... 

--- 

... 

... 

... 

... 

... 

2120 

2020 

2070 

2920 

70.9 

So 

39D 

35D 

4 

0.35 

D 

... 

... 

0.50 

0.05 

... 

5590 

4520 

5055 

2880 

175.5 

So 

vOD 

l*OD 

3 

0,4o 

D 

... 

... 

0.05 

... 

3930 

3570 

3750 

2880 

130.2 

So 

kl 

3 

... 

... 

0.30 

50 

0.10 

... 

3900 

1*070 

4025 

2880 

139-8 

so 

*  2 

3^D 

4 

0.25 

D 

... 

... 

0.05 

... 

2580 

3910 

3*5 

2880 

112.7 

So 

3s*!? 

4 

0.25 

D 

... 

... 

0.05 

... 

5750 

5970 

5960 

2880 

203.5 

So 

3s*!? 

4 

0.25 

w 

... 

... 

0.05 

— 

1*380 

5700 

4540 

2880 

157.6 

So 

*•1 

3 

... 

... 

0.30 

50 

0.10 

... 

6060 

4100 

53S3 

2880 

176.4 

So 

**1 

3 

... 

... 

0.30 

50 

0.5-0 

0.10 

— 

1*950 

5640 

5295 

2#eo 

183-8 

So 

‘7 

IfCD 

3 

0.4 o 

D 

... 

... 

0.05 

— 

(Bot  rur 

1) 

UOD 

3 

0.40 

0 

... 

... 

0.05 

... 

(lot  rue 

i> 

1*9 

372 

3 

0.50 

D 

... 

... 

0.05 

— 

(Hot  me 

1) 

50 

37D 

3 

0.50 

5 

... 

... 

0.05 

— 

(Hot  me 

1) 

51 

22 

3 

... 

... 

0.25 

50 

0.10 

... 

(Hot  rue 

.) 

52 

22 

3 

... 

— 

0,25 

50 

0.10 

— 

(Bat  rur 

1} 

35 

5*1 

■*.  • 

... 

o.?o 

50 

0.10 

... 

7220 

6470 

S64J 

3071 

222,9 

So 

56 

41 

3 

... 

... 

0.30 

50 

0.10 

... 

7450 

*70 

8460 

3071 

275.5 

So 

171 

‘-1 

3 

— 

... 

0.30 

50 

0.10 

... 

1330 

1440 

1415 

3044 

46.5 

Yes 

531 

41 

3 

... 

... 

0.30 

50 

0,50 

0,10 

— 

1460 

14  JO 

1445 

3*4 

47.5 

T«* 
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TABLE  X  (cont.) 


last, 
r.*  fc 

Teat 

Lab 

p.*r 

fin. 

Oil 

A3C  V'iac . ,  D2P 

Batch  cat*  at  £SP,  Hatch 
Ho.  ?10*F  i  Sysfccl 

OrXho. 

It2> 

J_ 

Ortho. 

535, 

£2?- 

,  Ethyl  Ko&aanto 
702.  PC -12 1*4, 

DCP, 

Ryder  Oear  Value, 

_ ppljRef _ 

Bide  A  Bide  B  Xve  6Q 

Awe.  Sal. 

Ratios, 

8  Idea  A  Oear 

And  B.%  Mail. 

Black 

Oxide 

Plnleh 

cmz 

>9 

u  3  . 

0 . 3> 

;■> 

0.50 

0.10 

2hl0 

2100 

2255*  2665 

Bh.O 

Btd. 

BO 

60 

i.i  3  --- 

0.33 

50 

o.ro 

0.10 

— 

2780 

2835 

2807  2685 

Id*. 5 

Std. 

Bo 

£.1 

3  . 

D.30 

50 

0.50 
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Figure  3^ 


First-Stage  Gearbox  After  Vinion  Failure,  View 


Gearbox  After  Pinion  Failure,  View 


Pinion  Gear  After  Test 
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Gear  T;i>ir  After  Te  u 
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IV,  E,  Evaluation  of  Final  Proapective  Lubricant  (cont.) 


Lubrication  oil  flow  data  recorded  during  this  teat  is 
ohovn  In  Figure  35,  along  with  similar  data  fran  first-stage  turbopuop  hot  firing 
tests.  Curve  1  shows  the  flow  rate  and  total  oil  delivered  to  the  gearbox  during 
a  no±nal  200-sec  turbopump  production  test,  in  which  no  visible  gear  teeth  wear 
occurred.  Curve  2  shovs  data  recorded  during  a  test  in  which  approximately  60$  of 
the  oil  was  lost  to  the  atmosphere  through  the  gearbox  relief  valve  due  to  a  hot 
gas  leak.  The  conditions  of  this  turbopump  test  are  similar  to  the  conditions  of 
the  reduced  flow  test  at  Western  Gear  Corporation,  except  the  atmosphere  in  the 
gearbox  was  air  (oxidizing)  at  Western  Gear  Corporation  and  turbine  gas  (reducing) 
in  the  turbopump  test. 


Curve  3  shows  the  flow  rate  and  total  flow  to  the  gearbox 
during  the  third  reduced  flow  teat  a  Western  Gear  Corporation,  in  which  no  scuffing 
occurred.  Curve  It  shows  the  conditions  of  the  last  two  tests.  After  the  first  of 
these  two  tests ,  only  one  bright  spot  was  noted  at  the  upper  end  of  the  gear  near  the 
tip  of  the  teeth,  and  then  complete  failure  occurred  at  195  sec  of  the  last  test. 

It  may  be  concluded  that  during  gearbox  tests;  i.e.,  with 
no  turbine  gas  in  the  gearbox,  the  present  oil  provides  adequate  scuff  resistance 
for  200  sec  when  the  lubrication  oil  flow  rate  to  the  gearbox  is  greater  than  2.25  gpm- 

It  may  also  be  concluded  that  turbine  gas,  which  is  a 
reducing  atmosphere,  inhibits  the  formation  of  oxidizer,  which,  in  turn,  reduces  the 
scuff  resistance  of  black  oxided  gears  provided  by  the  present  oil.  This  fact  is 
evident,  because  during  this  test,  in  which  the  gearbox  was  run  until  failure 
occurred,  the  oxidizer,  idler,  and  fuel  gear  did  not  scuff.  And,  in  the  tv-bopump 
test  described  above  in  which  turbine  gas  was  in  the  gearbox,  scuffing  occurred  on 
all  gears  without  structural  failure. 

c.  Summary  and  Conclusions 


The  usefulness  of  Ryder  Gear  test  data  for  predicting  the  load 
capacity  of  experimental  lubricants  is  limited  by  r.oor  repeatability. 

Standard  end  special  Ryder  Gear  tests  of  plain  and  black -cxide- 
coated  gears,  made  of  standard  Ryder  Gear  material  (AMS-62oG)  and  Titan  II  gear 
materials  (AISX  4620  and  9310)  shcv  the  following: 

(1)  The  Ryder  gear  value  of  the  rev  oil  is  3500  ppi  and  that 
of  the  present  oil  is  2137  ppi.. 

(2)  The  black  oxide  coating  on  Titan  II  gear  materials  reduces 
the  Ryder  Gear  value  from  29CC  to  23C0  ppi,  and  on  626C  from  40CQ  to  1500  ppi . 

(3)  Black  oxide  coating  improves  the  Ryder  Gear 
present  oil  from  2100  to  2300  ppi , 


rating  of  the 


«r  Scuff  Test 
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IV,  E,  Evaluation  of  Final  Prospective  Lubricant  (cont.) 


(It)  In  an  inert  gas* jus  atmosphere  (simulating  gearbox  condi¬ 
tion*  of  a  turbine  seal  leak),  the  present  lubricant  rate*  are  1^00  ppi;  the  nev  oil 
is  unaffected. 


(5)  Contamination  of  the  new  oil  with  0.2%  water  and  Q.1% 
AeroZINE  50  does  uot  affect  their  performance  in  Ryder  Gear  tests . 


Gearbox  test*  at  Western  Gear  show  that  both  the  present  oil 
and  the  nev  oil  provide  adequate  lubrication  to  black-oxide-coated  gears  during  tests 
equal  to  1-1/2  ti&et.  the  design  life  of  the  gears  at  conditions  up  to  37%  overload, 
it  is  conciudea  from  these  tests  that,  although  the  full  potential  of  the  new  oil 
is  not  realised  on  black-oxide-coated  gears,  it  does  provide  adequate  lubrication  for 
the  Titan  II  gearbox  application. 

3.  Filtei  Plugging  Tests 

Filter  plugging  tests  were  conducted  in  order  to  duplicate  flov 
conditions  across  the  filter  screen  of  the  prospective  lubricant  under  simulated 
gearbox  conditions.  Tbe  present  gearbox  lubricant  itself  has  previously  shown  to 
be  a  source  of  contamination  if  exposed  to  the  products  of  generator  gases. 

The  filter  plugging  test  setup  has  been  designed  in  order  to  screen 
the  lubricant  deposits  formed  as  the  results  of  interaction  between  the  lubricant 
and  the  products  of  combustion  only.  The  products  of  combustion  contain  water  and 
ammonia,  which  have  been  found  to  be  the  main  cause  of  filter  plugging.  A  typical 
composition  of  the  products  of  ccmbusticn  of  the  first-stags  crearbox  is  as  follow  : 


Products  of  Combustion  -  First  Stage 


Hydrogen  (H  ) 

52% 

Nitrogen  (N^) 

30% 

Methane  (CH  ) 

12% 

Armenia  ( Mi . ) 

0.21% 

Carbon  Monoxide  (CO) 

i.% 

water  (H.C' 

1 .07% 

Solid  C arbor. 

Traces 

of  deposits  _n  l 
needs  Specificat 
phenomenon.  The 
minimal  tendency 


Ar.  explanation 
e  lubricant, 
on  MIL— L-75v<?I 
super-ref ;ned 
to  plug  the  fi 


i  of  the  reactions  is  needed  to  understand  formation 
The  presently  used  lubricant  (Bryce  6dC  Conofet ,  which 
;(!))  has  been  found  to  be  prone  to  the  filter  plugging 
a.aeral  oil  base  used  for  the  nev  lubricant  shows  a 
Iter  during  the  long  hour  filter  test*. 


zee 
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IV,  E,  Evaluation  of  Final  Prospective  Lubricant  (cont  ) 


A  theory  vaa  advanced  (and  later  confirmed  by  the  tests)  explaining 
cheaical  reactions  taking  place  in  the  MIL-L-T8o6d(1)  lubricant  if  exposed  to  products 
of  combustion. 

The  composition  of  Bryco  880  Concjet  lubricant  (MIL-L-78G8D(1) )  is 

as  follows : 

Composition  of  Bryco  880  Conojet 

47.5S  Di-isooctyl  azelate  -  di-ester  base 

47.55  Dipropyler.egiycol  dipelargonate 

0.5S  Phenathiar.ine  NF,  purified  -  oxidation  inhibitor 

4.55  Tri-cresyl  phosphate  (TCP)  -  E.P.  additive 

The  following  reaction  occurs  between  Bryco  880  Conoiet  and  the 
products  of  combuaticn: 

(1)  Di-isooctyl  azelate  +  H„0  =  aceleic  acid  +  ieooctyl  alcohol 

(2)  Azeldic  acid  ♦  ammonia  =  ammonium  azelate 

Both  ammonium  azelate  and  azelaic  acid  hove  been  identified  in  tne  filter  sludge. 


a.  Test  Setup 

A  schematic  cf  the  test  setup  is  shown  in  1 igure  37.  The  oil 
is  contained  in  the  stainless  steel  sump  and  can  be  heated  to  2C0  *  2°F.  The  sump 
has  a  coil  with  small  orifices  to  bubble  gaseous  ammonia  at  the  determined  rate. 

Oil  is  circulated  by  the  small  positive  displacement  pump  at  the  rate  of  0.1  gpc. 
thr  igh  the  flow  control  valve  and  f  iter  screen  which  simulates  actual  TPA  operating 
oil  flow  for  the  equivalent  filter  area.  The  temperature  of  lubricant  in  the  sump 
is  monitored,  and  any  pressure  built  up  across  the  filter  screen  is  shown  or.  the 
upstream  and  downstream  mounted  pressure  gages 


To  exclude  ary  metal  c  cm  far.  mat 
which  might  have  reacted  with  Bryce  Ic-olet  lubricant 
was  made  frees  stainless  steel  ar.d  plastic  tubing.  A 
r^2U*r {k!  ^*** o up t  c T  o  r.  i  ? i .  A  p h ^ t. o r a p p-  o f  *. r. ^  * 


ion,  such  as  copper  and  zinc, 

,  the  whole  circulating  system 
separate  system  supplies  the 
up  is  shewn  in  Figure  3d. 
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Figure  3? 
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IV,  E ,  Evaluation  of  Final.  Prospective  Lubricant  (cont. ) 


A  theory  was  advanced  (and  later  confirmed  by  the  testa)  explaining 
chemical  reaction*  taking  place  in  the  MIL-L-T8o8D( l )  lubricant  if  exposed  to  products 
of  combustion. 

The  ccEipc&ttion.  of  Bryce  880  Conojet  lubricant  (MIL-L-T8o8d(1)  )  is 

as  follows : 

Composition  of  Bryco  880  Conojet 

47.5$  Di-isooctyl  azelate  -  di-ester  base 

47.5$  Mpropyleneglyeol  dipelargonate 

0.5$  Phen&thiaziue  NF,  purified  -  oxidation  inhibitor 

4.5 $  Tri-cresyl  phosphate  (TCP)  -  E.P.  additive 

The  following  reaction  occurs  betvren  Bryco  880  Concjet  and  the 
products  of  caflb"i,iou: 

(.1)  Di-isooc'  -1  azelate  +  ~  azelaic  acid  +  isooctyi  alcohol 

(2)  Azelaic  acid  +  ammonia  =  ammonium  apel&te 
Both  esmonium  azelate  and  azelaic  acid  have  teen  identified  in  the  filter  sludge. 

a .  Test  Setup 

A  schematic  of  the  teat  setup  is  shown  in  Figure  37.  Toe  oil 
is  contained  in  the  stainless  steel  sump  and  can  be  heated  to  2C0  A  2°P.  The  scaup 
ha*  a  coil  with  small  orifices  to  bubble  gaseous  ammonia  the  determined  rate. 

Oix  is  circulated  by  the  small  positive  displacement  pump  at  the  rate  of  0.1  gpm 
through  the  flow  control  valve  and  filter  screen  which  simulates  actual  TPA  operating 
oil  flow  for  tb*»  equivalent  filter  axes.  The  temperature  of  lubricant  in  the  scrap 
is  monitored,  and  any  pressure  built  up  across  the  filter  screen  is  shown  on  the 
upstream  and  downstream  mounted  pressure  gages. 

To  exclude  any  metal  contamination,  such  as  copper  and  zinc, 
which  might  have  reacted  with  Bryco  Conojet  lubricant,  the  whole  circulating  system 
was  made  from  stainless  steel  and  plastic  tubing.  A  separate  system  supplies  the 
required  amount  of  ammonia.  A  photograph  of  this  setup  is  shovn  in  Figure  38. 

b.  Teat  Procedure  and  Results 

The  test  procedure  used  '"3  to  take  two  quarts  lubricant 
and  blend  them  at  high  speed  with  a  determined  percent  of  water  for  one  minute. 

Gaseous  ammonia  v&s  bubbled  through  the  oil  during  the  test. 
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IV,  E,  Evaluation  of  Final  Prospective  Lubricant  (cost.) 


( k )  In  an  Inert  gaseous  atmosphere  (simulating  gearbox  condi¬ 
tions  of  a  turbine  seal  leak),  the  present  lubricant  rates  are  lUQQ  ppi;  the  new  oil 
la  unaffected . 

(5)  Contamination  of  the  new  oil  with  0.2$  water  and  0.1$ 

Aero  LIKE  50  does  not  affect  their  perforsaan.ee  in  Ryder  Geer  teBts . 

Gearbox  tests  at  Western  Gear  show  that  both  the  present  oil 
and  the  new  oil  provide  adequate  lubrication  to  bl&ck-oxide-coated  gears  during  tests 
equal  to  1-1/2  times  the  design  life  of  the  gears  at  conditions  up  to  37$  overload. 

It  is  concluded  from  the* a  tests  that,  although  the  full  potential  of  the  new  oil 
is  not  realised  on  black-oxide-coated  gears,  it  does  provide  adequate  lubrication  for 
the  Titan  II  gearbox  application. 

3 .  Filter  Plugging  Tests 

Filter  plugging  testa  were  conducted  in  order  to  duplicate  flow 
conditions  across  the  filter  screen  of  the  prospective  lubricant  under  simulated 
gearbox  conditions.  The  present  gearbox  lubricant  itself  has  previously  shown  to 
be  a  source  of  contamination  if  exposed  to  the  products  of  generator  gases. 

The  filter  plugging  test  setup  has  been  designed  in  order  to  screen 
the  lubricant  deposits  formed  as  the  results  of  interaction  between  the  lubricant 
and  the  products  of  combustion  only.  The  products  of  combustion  contain  water  and 
ammonia,  which  have  been  found  to  be  the  main  cause  of  filter  plugging.  A  typical 
composition  of  the  products  of  combustion  of  the  first-stage  gearbox  is  as  follows: 

Products  of  Combustion  -  First  Stage 


Hydrogen  (Eg)  52$ 
Nitrogen  (N?)  30$ 
Methane  (C3L)  12$ 
Ammonia  (IT^)  0.21$ 
Carbon  Mcnoxide  (CO)  b% 
Water  (Ho0)  1.07$ 
Solid  Carbon  Traces 


Ass  explanation  of  the  reactions  is  needed  to  understand  formation 
of  deposits  in  the  lubricant..  The  presently  used  lubricant  (Lryco  880  Conojet,  which 
meets,  Specification  KIL-L-7808d(1)  }  has  been  found  to  be  prone  to  the,  filter  plugging 
phenomenon.  The  super-refined  mineral  oil  base  used  for  the  new  lubricant  shows  a 
minimal,  tendency  to  plug  the  filter  during  the  long  hour  filter  tests. 
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IV,  E,  Evaluation  of  Final  Prospective  Lubricant  (cont.) 


A  theory  was  advanced  (and  later  confirmed  by  the  tests)  explaining 
chemical  reactions  taking  place  in  the  MIL-L-T808D(l)  lubricant  if  exposed  to  products 
of  combustion. 

The  composition  of  Bryco  880  Conojet  lubricant  (MIL-L-7808D(l) )  is 

as  follows : 

Composition  of  Bryco  880  Conojct 

U7.5S  Di-isooctyl  azelate  -  di-ester  base 

1*7. 5)t  Dipropyleneglycol  dipelargonate 

0.5)1  Phenathiazine  NF,  purified  -  oxidation  inhibitor 

k.5%  Tri-cresyl  phosphate  (TCP)  -  E.P.  additive 

The  following  reaction  occurs  between  Bryco  860  Conojet  and  the 
products  of  combustion: 

(1)  Di-isooctyl  azelate  +  II^O  =  azelaic  acid  +  isooctyi  alcohol 

(2)  Azelaic  acid  +  ammonia  =  ammonium  azelate 

Both  ammonium  azelate  and  azelaic  acid  have  been  identified  in  the  filter  sludge. 

a.  Test  Setup 

A  schematic  of  the  test  setup  i3  shown  in  Figure  37.  The  oil 
is  contained  in  the  stainless  steel  axap  and  can  be  heated  to  200  +  2°F.  The  sump 
has  a  coil  with  small  orifices  to  bubble  gaseous  ammonia  at  the  determined  rate. 

Oil  is  circulated  by  the  small  positive  displacement  pump  at  the  rate  of  0.1  gpm 
through  the  flow  control  valve  and  filter  screen  which  simulates  actual  TPA  operating 
oil  flow  for  the  equivalent  filter  area.  The  temperature  of  lubricant  in  the  sump 
is  monitored,  and  any  pressure  built  up  across  the  filter  screen  is  shown  on  the 
upstream  and  downstream  mounted  pressure  gages. 

To  exclude  any  metal  contamination,  such  as  copper  and  zinc, 
which  might  have  reacted  with  Bryco  Concjet  lubricant,  the  whole  circulating  system 
was  made  from  stainless  steel  and  plastic  tubing.  A  separate  system  supplies  the 
required  amount  of  ammonia.  A  photograph  of  this  setup  is  shown  in  Figure  38. 

b.  Test  Procedure  and  Results 

The  test  procedure  used  was  to  take  two  quarts  of  lubricant 
and  blsnd  them  at  high  speed  with  a  determined  percent  of  water  for  one  minute. 

Gaseous  ammonia  was  bubbled  through  the  oil  during  the  test. 
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IV,  E,  Evaluation  of  Final  Prospective  Lubricant  (cont . ) 


The  increase  of  the  pressure  across  the  filter  va a  recorded 
vs  tine  and  was  plotted  (Figure  39).  As  can  be  see',  fran  the  graph,  the  plugging 
tine  between  MIL-L-78o8D(l)  oil,  which  is  Bryco  Ce  ojet  38C  lubricant,  and  the 
mineral  oil  differs  considerably.  The  M1l^L-78o8T>(1)  lubricant  showed  a  pressure 
buildup  across  the  filter  between  5  to  25  min;  tie  3156  mineral  oil  (Batch  1*1) 
lubricant  has  shown  a  considerable  stability  with  the  tests  run  between  8  to  16  fcr 
without  a  significant  increase  of  the  pressure. 

The  above  tests  have  bten  performed  at  various  temperature 
levels  and  water  content.  The  significant  results  are  shown  in  Table  XI.  It  can 
be  seen  that  the  addition  of  2$  of  MIL-L-73o6d( 1)  lubricant  to  the  3156  lubricant 
would  not  greatly  influence  filter  plugging;  however,  the  time  to  achieve  a  5-pai 
filter  pressure  is  shorter  as  compared  with  the  neat  3156  lubricant. 

Synthetic  di-ester  lubricant,  such  as  Bryco  880  Conojet,  was 
found  to  plug  the  filter  within  25  min.  A  prejsure  differential  of  5  psi  was 
recorded  at  5,  12,  and  15  min. 

A  significant  t*3t  was  performed  with  3156  lubricant  to  check 
on  the  filter-plugging  tendency  of  a  rhite  emulsion-type  precipitate  formed  when 
this  lubricant  is  subjected  to  water  at  a  concentration  of  0.2$  or  greater. 

A  large  quantity  of  this  precipitate  was  extracted  by  centri¬ 
fuging  from  the  3156  lubricant,  and  this  concentrated  precipitate  vaa  packed  or  the 
filter  screen.  The  cold  lubricant  was  pumped  while,  at  the  me  time,  the  heat  was 
turned  on  at  the  simip.  Ho  pressure  change  was  noticeable  throughout  the  test.  When 
the  lubricant  reached  200°F,  the  test  was  terminated,  and  the  pressure  across  the 
filter  was  steady  at  ?/U  psi.  The  tes-  lasted  1*1  min,  during  which  time  >.0  pressure 
drop  was  noted  across  the  filter,  and  the  lubricant  became  crystal -clear  (the  melting 
point  of  the  precipi  ate  is  159°F)  at  the  end  of  the  test  (see  Figure  ko ). 

The  tests  have  confirmed  that  the  synthetic  KIL-L-7808D( 1 ) 
iubric* „.;v,ected  to  the  products  of  combustion  will  readily  plug  the  gearbox 
filter.  The  31 5."  mineral  oil,  even  with  2%  MIL-L-7808D(l)  lubricant,  will  not  plug 
the  filter  in  a  2C0-sec  run.  Heat  3156  mineral  oil  will  not  plug  the  filter  even 
after  q  "u . 


Residue  is  found  on  the  filter  screen  when  circulating  3156 
lubricant  with  0.1$  water  and  ammonia  for  8  hr.  This  residue  increases  the  pressure 
across  the  filter  to  5  psi  at  the  end  of  1*00  min.  Chemical  analysis  of  this 
precipitate  revealed  the  following; 


(1)  The  X-ray  defraction  pattern  obtained  freas  the  sample  was 
not  conclusive;  the  best  match  for  +he  pattern  would  conform  to  the  pattern  for 
ammonium  hydrogen  phosphate:  (HR.  ) EPO.  . 


(2)  Qaission  spectrogrsphic  analysis  indicated  ll*$  phosphorous 
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Filter  Plugging  Test,  Pressure  Drop  across  Filter  vs  Ti«e 
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Figure  AO 
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TABLE  XI 


FILTER 

PLUOGIIG  TEST 

Oil  Coopoaltloa 

T««P- , 
°F 

Ajaaonia, 

cc/hr 

Hater, 

%  by  Vt. 

MIL-L-7808D(1)  Oil, 

%  by  Vt 

Ti*e  for  5  pal 
AP  acroie  the 
filter, 
■inutes 

Batch  kl 

RT 

— 

— 

Over  0  hr 

Batch  1*1 

200 

tiOOO 

0.1 

— 

tiOO 

Batch  til 

RT 

— 

0.2 

— 

Orer  8  hr 

Batch  ttl 

RT 

tiOOO 

0.2 

2 

Orer  8  hr 

Batch  1*1 

200 

— 

— 

— 

Over  8  hr 

Batch  ul 

200 

tiOOO 

0.1 

'i 

Km 

330 

Batch  t*i 

RT 

— 

0.1 

2 

1*20 

Batch  til 

RT 

— 

0.1 

2 

370 

MIL-L-T808d(1) 

200 

tiOOC 

0.1 

— 

12 

54IL-L-78c8d(1) 

200 

2000 

0.1 

— 

5 

MIL-L-7808d(1) 

200 

4000 

0.1 

15 

Batch  t»i  vlth  ppt 

RT  to 
200 

— 

— 

— 

1-3/t*  after 

1*1  ala 
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IV,  E,  Evaluation  of  Final  Prospective  Lubricant  (cort„) 


(3)  The  infrared  spectrin  c-  chlo.oform-waahed  material 
ind’ca+ed  the  presence  of  ( ) _ .  HPO^.  It  is  believed  the  presence  of  axssoniian 
hydrogen  phosphate  can  be  explained  by  the  following  reactiones: 


K  po4  ♦  mk* - hh^h  P0U 

T__  t 

— ^ 

Phosphoric  eoid  ammonia  ion 

^hH2P0l.  *  - *  ("V2h  pch 

ammonium  hydrogen  nhosphatc 


(HKj,  HPO,,  ♦ 


possible  (KH,  )  PO, 
^7  - 

-J 

ammonium  phosphate 


In  conclusion,  the  nevly  developed  3156  mineral  oil  is  such 
more  stable,  and  is  not  expected  to  plug  filters  within  the  service  life  o^  a 
gearbox.  The  deposit  found  on  the  filler  after  an  extended  time  is  derived  frer.  the 
extreme  pressure  additive  (Crtholeum  162). 

** .  Compatibility  with  Propellants ,  MIL-L-T3q8D( 1 )  Oil  and  Water 

The  greatest  nee'’  for  a  nev  lubricant  results  from  the  fact  that 
the  presently  used  MIL-L-78o8d( l)  lubricant  is  incompatible  vith  the  propellant-  ana 
the  products  of  combustion  from  the  gas  generator.  The  chemical  environments  of  the 
gearbox  impose  severe  requirements  on  the  lubricant  and  tend  to  change  its  composition 
which,  in  turn,  has  a  related  action  on  the  performance  of  the  gearbox.  The  fuel, 
AeroZISE  5C,  which  is  a  mixture  of  50$  hydraxine  (N^H^)  and  50$  unsyrametri cal  dimetbyl- 
hy&racine  (CHj)^  1*^2  react*  strongly  with  MIL-L-T8c8D(  1 )  lubricant.  The  uxidi.ter, 
nitrogen  tetroxide  also  reacts  with  the  lubricant  to  form  a  sludge.  The 

products  of  combustion  (water  and  ammonia)  acting  upon  the  lubricant  can  cause  the 
filter  to  plug. 

The  following  is  a  simmuixy  of  chemical  compatibility  tests  with  three 
determ  .uvtions  and  observations  after  72  hr: 

Agent 

50/50  S.O. 


50/ 50  AercZIKE  50 
Asssonia  for  1  hours  at  £50 
3$  Water  for  *  hours  at  21C°F 
2$  MIL-L-?50Sl>U } 
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IV,  p,  Evaluation  of  vinal  Prospective  Lubricant  (cont.) 


The  mixture  of  MIL-L-?808D(i)  oil  and  5156  mineral  oil  will  rapidly 
change  color  if  exposed  to  the  sunlight,  a  very  flow  charge  takes  place  in  the  dark 
room.  Color  tests  were  performed  cn  iifferer  .irtures  of  the  two  lubricants.  No 
precipitate  could  he  obtained  after  several  tunas  of  centrifuging.  The  results  are 
summarized  as  'allows : 

3156  Mineral  Oil  vuth  M1L-L-Tft06p(l )  Oil 
%  MIL-1  -To08C(  1  ]  Observations  at  1  and  24  hours 


0 

So  In&.uge 

0.023 

Vei.y  light  green 

0  •  0  j 

Very  .  ig.  '  een 

0.10 

Light  green 

0 .20 

Medium  gree  . 

1.0 

else.,  green 

2.0 

Bln  ok  t  eer. 

J.o 

Qlaok  green 

Dark  Rocm  Test 

Batch  41  with  2*  v'IL~L-7SC6D(  1  il 


Observations :  Light  green  '••'■lor  after  30  days . 
The  color  change  of  t^e  mix'  ire  ’ll  not  change 
basic  characteristics  of  Enable  3155  lubricant. 


Hie  eocpatibili' 
deac">trn  .  ed  eu=  follows  : 


hatch  ■  cti  with  MIL-L-7o06D(1)  oil  was 


oat icr 


lest 


Bate..  -*-  with 
e t  7:2 1"? 


an 


0 . rater  168 


>st 


3  Teter-inatiocs 

Result*  ppt  less  tbex  C.?0$  sg;2QC  el  oil  cie-gr 
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Vs ,  E,  Evaluation  of  Final  Prospective  Lubricant  (coot.) 


The  vater  eaulsjcn  tests  were  performed  with  3156  mineral  oil,  vSUch 
shoved  that  the  'ubricant  would  yield  vhite  flakey  precipitate  above  0.1>  oi  the 
vater  admixed.  This  precipitate  is  caused  by  the  hydrolyaie  of  the  Orthoieum  162 
additive,  which  absorbs  the  free  voter  preventing  the  formation  of  red  rust  at 
oil-water-iron  interfaces.-  These  testa  are  summarized  as  follows: 

Observations 


No  change 
No  change 
No  change 

Light  vhite  viscosity  ppt 

Vhite  viscosity  ppt 

Vhite  visocity  ppt 

Depletion  ol  E.P.  additive  -j as  established  when  the  neutralization 
number  (milligrams  of  poxsosium  hydroxide  per  gram  of  lubricant]  was  measured  of 
the  neat  and  contaminated  315b  mineral  oil: 


%  Water 

0.025 
0.050 
0,100 
0 . 200 

1.00 


Mixture 

Bumble  3155.  Batch  H 
Batch  11, +  O.lf  water- 
batch  Vi  ■*  0.2*  water 
*  1*  MTL-L-T6v5D(1;  oil 


Neutralization  Number  KCH  ag /jjr 
Original  After  JO  Days 


0.6; 


0 .05 


’sj  ,  **0 


*K>der  Gear  rating  at  C.iS  vater 


'iLeac  water  cauls  ion  tests  shew  that  ,c  significant  depletion  ot 
tbs  ex  tress*  pressure  additive  1  Ortholeu*  162;  occurs  when  it  is  exposed  to  a  vate: 
Bcucentratton  a.li-nvec  by  the  cur 


cesspit  ibi 
the  seal 


,cn  tne 


air  leant  has 


‘iete?  iorat 


street 
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IV 5  E,  Evaluation  of  Fined  Prospective  Lubricant  (coat.) 


Aeration  and  Coding  Bshavior 


Tbe  aeration  (or  air  entrapment)  performance  of  a  lubricant  for  a 
id/'h-speed  gearbox  is  very  important  because  it  affects  the  lubricant's  ability  to 
act  &c  a  coolant.  The  entr&ppea  bubbles  cause  a  drop  in  the  lubricant’s  specific 
heat,  and,  accordingly,  peer  heat  dissipation  results.  Pucping  of  the  lubricant 
also  becomes  more  difficult. 

Previous  tests  have  shown  that  a  lubricant  of  poor  aeration 
characteristics  i«  not  acceptable  for  the  high-load,  high-speed  gear  training  of 
the  Titan  II  gearboxes.  For  ^sample,  the  4-centi stoke  mineral  oil  originally 
developed  for  the  AE1?  lubrication  development  program  was  not  acceptable  because 
the  temperatures  in  the  gearbox  were  about  50°F  higher  than  with  MIL-I-780yD(l) 
.lubricant 


irhile  there  are  many  roam  depress-1  ’'g  agents,  the  aeration  agents 
are  tew.  One  of  them,  Monsanto  PC-1244,  vas  developed  specifically  for  British 
turboprop  engines,  'inis  additive  was  successfully  applied  to  the  new  lubricant. 

It  wan  established  that  O.lJ  of  Monsanto  PC-1244  could  almost  entirely  suppress 
aeration  of  the  T-cantistcVs  oil.  The  anti-corrosion  additive  used  in  the  present 
lubricant  under  the  name  of  Ortholeum  535  has  shown  to  be  another  anti-aeration 
supresssrt.  The  visocity  of  the  base  lubricant  also  influences  the  aeration  of  the 
finished  products.  The  3-centistoke  base  lubricant  gave  significantly  better  results 
with  Ortholeum  162  than  the  4  _entistcke  oil. 

After  the  optimum  anti-aeraticu  additive  was  selected  for  the  final 
prospective  oil  in  laboratory'  Waring  Blendor  tests  (see  Section  C),  the  lubricant 
vas  te  ted  at  Western  Gear  Corporation  using  the  first-  and  second-stage  Titan  II 
production  jearboxee.  The  fuel  shaft  lower  bearing  was  selected  for  the  graph, 
because  this  bearing  has  one  of  the  highest  temperatures  recorded  within  the  gearbox. 
As  can  be  seen  from  Figures  4i,  42,  and  43  s  the  3156  mineral  oil  showed  identical 
temperature  distribution  as  the  MIL-L-"3o8D(l }  lubricant,  which  is  known  for  its  good 
jjcti-aeration  stability. 

6  Corros ivensss  and  Preservative  Characteristics 

The  new  lubricant  was  formulated  to  maintain  its  high  anti-scuffing 
characteristic*! ,  which  is  made  possible  by  the  “inti -scuff  additive  (Ortholeum  162). 

The  selection  of  anti-scuff  additive  is  difficult  because  good  gear-loading  capacity 
_:ust  be  balanced  with  low-corrosion  values.  The  anti-scuff  action  of  most  load- 
earryiug  additives  relies  or  the  corrosive  attack,  of  an  active  compound.  Therefore, 
a  slid  corrosive  action  Is  to  be  expected. 

Out  yf  three  available  anti-scuff  groups,  which  contain  sulphur, 
chlorine,  and  phosphorus,  a  phosphori's-containing  additive  has  been  selected. 
Sulphur-containing  additives  could  not  be  considered  because  cley  would  attack  silver 
lining  of  the  bearing  cage.  Chlorine-containing  additive;,  are  not  compatible  with 
the  propellants  The  Ortholeum  162  acid  phosphate  additi/e  will  attack  the  tin  lining 
of  oil  crus  ar.d  mild  steel  in  presence  of  water.  The  following  petals  have  been  found 
to  be  affected  by  -he  selected  additive: 


Page  44 


Report  .'SSD~'nt~63-1 61  -1 


Tfl-L  -  WO«  0/ 

4M7TVV  "•*£> 

8ATC#  **2/ 

GATCM  *■#  f-'OS-  H  r*7V4,  MX) 


o  to  *3  <60  ao  *»  ito  *xo  M£>  /do  sec  tae  sto  s*s  &o  s*o  w©  9*0  9to  «r> 


^’^/V  r//i^£“ ,  j»c. 


<&  a/*  r/bg- 


Aeration  Teat,  250  sec,  Second-Stage  Gearbox 


Figure  42 
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Aeration  Test,  440  sec,  AFTP  Gearbox 


Figure  43 
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IV,  E,  Evaluation  of  Final  Prospective  Lubricant  (cont.) 


Presence  of 


Material 

Water 

Heat  Oil 

Observation 

52100  steel 

— 

Yes 

Formation  of  colorless 
coating  (Vaseline) 

8AZ  1025  steel 

Yes 

— — 

Slightly  dull 

Bras* 

— 

Yes 

Discoloration 

4l4o  steel 

— 

Yes 

Dark  gray  discoloration 

Bronse 

Yes 

Slight  discoloration 

(FE^)  within 

The  lubricant  will  also 
30  days. 

dissolve 

black  oxide  coating  of  the  gear 

To  explore  corrosiveness  of  the  candidate  lubricant,  tests  vere 
performed  on  the  standard  SAE  1Q20  spindles  at  different  concentrations  of  vater 
and  different  temperatures.  Ho  ill  effect  (corrosion)  vas  established;  however, 
the  formation  of  colorless  coating  was  established  in  the  presence  of  water  at  room 
temperature. 


The  established  allowable  water  content  in  the  lubricant  is  1.5# 
by  weight.  At  room  temperature,  with  t  0.2)  concentration  of  water,  the  SAE  102o 
spindle  would  become  dull  with  same  colorless  precipitation  on  its  surface.  The 
same  test  conducted  at  lU0°F  shows  no  precipitate  formation  and  only  slight  dullness 
of  the  spindle. 


Table  XII  shows  corrosion  test  results  obtained  with  two  extremes 
of  Ortholeum  162  delivered  for  this  purpose  by  DuPont. 

Table  XIII  contains  results  of  the  metal  corrosion  tests  performed 
with  different  metals  at  3^7°F  for  a  test  duration  of  2k  hours.  As  can  be  seen  in 
this  table,  the  metal  corrosion  is  below  corrosive  limits  as  set  forth  for  the  new 
lubricant  in  Specification  AGC-44209. 

The  conclusion  drawn  from  the  above  tests  indicates  that  the  dis¬ 
coloration  and  colorless  precipitate  on  seme  of  the  metals  is  the  balance  between 
the  extreme  pressure  additive  and  the  corrosive  action  of  E.P.  additive  and  that 
this  balance  should  be  maintained  to  have  strong  lubricant  to  protect  the  gears  from 
the  scuffing.  Addition  of  an  anti-corrosive  agent  such  as  Ortholeum  535  has  improved 
considerably  the  corrosivenesa  of  the  new  lubricant  in  the  presence  of  water. 

MIL-L-7808D(l)  oil  and  3156  mineral  oil  vere  tested  for  their 
preservative  action  on  the  metal  surfaces  in  DuPont  humidity  f'abinet  tests,  shown 
in  Table  XIV.  Both  of  the  lubricants  failed  in  preventing  rust  formation. 
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TABU  III 

SPDfDLE  CGRR08I0K  TESTS 


Extreme  Values  of  Ort hoists  16 2 
Three  Determinations 

SAE  1020,  Spindle  at  Root  Temperature  and  1M0*F  for  5  Days  and  0.2f  Water 

_ _ Moao-Acid  Phosphate  Content 


Minimus 

Maximus 

Room 

Temperature  lkQ°T 

Room 

Tamperature  1^0°F 

Oil 

Slightly  cloudy 

Clear 

Clear 

Clear 

Spindle 

Dull 

Dull 

Dull 

Dull 

Vaaeline-liiu  formation 

Very  light 

lone 

Very  light 

Hone 

ppt 

Very  light 

lone 

lone 

Hone 

(Viscous) 

Scum 

Traces 

Traces 

Traces 

Tracei 

Table  XII 
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TABU  XIII 

METAL  CORROSIO*  TESTS 
(At  3^T°F  for  2U  hr) 


2 


Metals 

Allowable 

Iron 

0.2 

♦0.02 

Alusinue 

0.2 

+0.02 

Silrer 

0.2 

-0.02 

Copper 

1.5 

-1.29 

Table  XIII 
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TABU  in 

DuPOIT  HUCEITT  CABIIET  TESTS* 

Humidity  Box  Test  per  JA1-H-T92: 

122*7,  100t  relative  humidity 


%  Area  Rusted 

Formulation 

20  hr 

Ikk  hr 

Bray  Oil  Co.  MIL-L-7S06D(l) 

1*5 

75 

Batch  1*1 

13 

98 

Base  oil  ♦  0.3 t  Ortho.  162 

21 

98 

♦  0,00551  Ortho.  535 

Base  oi1 

bl 

98 

Base  oil  +  531  Ortho.  535 

0 

22 

KIL-H-608  31 3*  * 

0 

^Specified  lu  Specification  HIL-C-fil83C 
**Tor*a  rust  spots  at  ikk  hr 
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IV,  E,  Evaluation  of  Final  Prospective  Lubricant  (coat.) 


7 .  Long -Tara  Storage 

The  3156  lubricant  v»«  developed  so  aa  to  permit  no  precipitation, 
aeparation,  turbidity,  or  any  other  deterioration  for  a  minimum  period  of  18  months 
at  the  outside  extreme  temperatures  between  -65  to  ♦l60°F.  Several  cycling  tests 
at  these  teaperatures  failed  to  shov  any  deteriorating  effect  of  these  extreme 
temperatures.  Ko  separation  or  precipitation  oi  the  additives  /as  observed  and  the 
lubricants  resunined  clear  as  before  the  tests. 

Eight  samples  were  placed  in  storage  in  January  19^6 ,  as  shown  in 
Iaele  XV.  Water  and  KIL-L-760fiD(l)  oil  were  added  to  the  prospective  lubricant  to 
observe  whether  any  deterioration  would  occur  during  the  18-swjnth  storage  tine. 

The  gearbox  samples  .'ere  added  to  the  neat  and  contaminated  lubricant.  All  the 
metal  samples  were  made  from  original  par*s,  One  side  of  the  sample  was  polished 
to  4-6  RtfS .  Observations  are  being  made  each  ronth ;  first-month  observations  are 
shown  in  Table  XVI. 

Since  the  reported  content  of  the  KIL-L-7808D(l)  oil  in  gearbox 
after  the  gearbox  spin  test  has  been  established  at  about  2%  (see  Figure  44),  the 
new  lubricant  is  added  to  the  Titan  II  gearbox ,  waich  may  contain  2%  of  toe  presently 
used  lubricant.  The  mixture  will  have  to  be  stable  in  the  gearbox  during  13  months 
at  least.  It  Is  anticipated  that  the  water  content  may  be  between  0.1  to  0.2%  when 
a  turbine  seal  leak  is  encountered. 

An  accelerated  sto’  age  test  is  being  made  at  105°F  where  the 
lubricant  is  observed  for  any  neutralisation  number  change.  Copper  corrosion  is 
being  established  at  intervals  of  0,  7,  and  every  15  days  until  the  depletion  of 
lubricant  (one  gallon).  This  test  results  are  shown  in  Table  XVII. 

8 .  Sumaary  on  the  Evaluation  of  Final  Prospective  Lubricant 

The  following  summary  shows  a  comparison  of  the  performance  of  the 
new  lubricant  with  the  one  presently  used: 


Test 

Humble 

31^0— H- 

HIL-L-7808D(.l) 

Load-Carrying  Ability  (Ryder  Gear  Test)  lb/in. 

2:  •'0  to  3:O0 

2000  to  2200 

Filter  Plugging 

Pass 

Failed 

Compatibility  with  Propellants 

Pass 

Failed 

Aeration 

Cast 

Pass 

Corrosion 

Pass 

Pass 

Long-Tens  Storage  (lS  months)* 

Unknown 

Pass 

•Seat  Lubricant  Only 
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TABLE  XV 

bOIG-TXRM  STORAGE  TESTS 

1.  Botch  1*1  oil  ♦  0.1$  voter 

2.  Botch  1*1  oil  ♦  0.1*  voter 

♦  2$  KIL-L-7808D(l)  oil 

3.  Botch  1*1  oil  ♦  0.1$  mfr 

♦  2$  KIL-L-7 oG&t1  ( 1 )  oil 

♦  goer box  ports 

l*.  Botch  1*1  oil  ♦  gearbox  ports 

5.  Botch  1*1  oil  ♦  0.2*  voter 

♦  2%  KIL-^-7808d(1)  oil 

♦  gearbox  ports 

6.  Extended  storage  test  (Meat  oil) 

7.  av.  elerated  storage  test  at  l85°T 

8.  Huaidity  chaober  tes\  vith  gearbox  ports 


Storage  Retyulreewats 


lo  change  obser . ed  after  cj 


ling  oil  between  -05  and  ♦IbO^T 
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TABLE  XVI 

RESULTS  OF  LGIG-TEKK  STORAGE  TESTS  WITH  GEARBOX  PARTS 
Obierrat ion  after  One  Month,  Batch  Ll  Oil,  Seat 


MatcriU 

Observat ion 

I-Si-bronie 

Shiny 

1*620  steel 

Suiny 

9370  itHl 

Shiny 

Type  3^7  ictiaieu  steel 

Shiny 

356-T6  auanus 

Dull 

Type  41*0  stainless  steel 

Shiny 

Brass 

Du-11 

6o6l-Tt>  aiuainua 

Dull 

1010  aild  carbon  steel 

Dull 

52100  bearing 

Gray  tarnish 

AM350 

Shiny 

Bronr.s 

Dull 

0-Ring 

I/C 

Gasket 

S/C 

Carbon  CDJ-33 

I/C 

Filter  screen 

S/C 

Table  XV! 
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TABL.C  XVII 

8T0RAG8  STABILITY  TESTS  AT  l8pcf 


Copper  Corrosion,  KCH, 

D*I<  _  .«g/q«2. .  *£l£L 

0  -0,3  0.69 

-0.~, 

-0.65 

T  -2.9  0.59 

-2.5 

-2.4 

-3-9  0.60 

-3.9 


26  -2.9  0.51 

-3.0 

-3,2 

42  -2.95  0.33 

-3,7 

-3-1 

36  -3-6  0.35 

~3 .9 


T»bi*  XVII 
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b 


OS  SZO’.SA/£'S 


Residual  Oil  ptr  MIL-L~'T808D(1 }  in  Gearbox  vs  Number 
of  Plushes  (With  Air  Motor  Spin) 

figure  44 
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IV,  K,  Evaluation  of  Final  Prospective  Lubricant  (coat,) 


Th«  new  lubricant  has  it*  definite  advantage  tao  Bryce-  880 
Cooojet,  lubricant  The  load-carrying  ability  of  the  new  Inbricttifc  ^8  nofc#if?:?rfcb'y 
higher  vfaen  the  clean  metal  surfac&s  are  exposed  bo  beneficial  action  of  the  E.P, 
additivee.  It  is  superior  to  the  presently  u*ti  lubricant  when  the  lubricant  i.« 
tested  in  the  nitrogen-blank* ted  environments,  It  is  a  known  fuet  that  the  ester- 
base  lubricant  would  lore  ite  lubricity  in  the  absence  of  oxygen.  The  testa 
confirmed  that  MIL-L-78C7D(l)  oil  loa vj  about  50$  of  its  load -carrying  ability  in 
the  neutral  atmosphere  while  the  new  oandid^te  lv-fcricaui  ’cri.ll  remain  unct-anged. 

Tests  run  with  the  ge&_s  coete-d  with  the  black  oxide  have  shown 
that  the  hl56  mineral  oil  per  forced  between  30  sad  yj%  of  its  dtsaonc*:  rated  clean 
gear  capacity,  while  the  880  Conojet  (Sryca)  lubricant  ves  not  affocteA,  Derailed 
discussion  of  the  black  aside  problem  can  be  found  cn&er  ’'Load-Caryyin*  Ability," 
Section  E ,2.  An  unknown  cheraeteristie  of  the  1156  mineral  oil  Is  that  it  forms 
white  flaky  precipitate  in  the  presence  of  sore  than  0.1$  of  water .  The  filter- 
gging  tests.,  however,  have  shewn  twit  tnis  precipitate  will  not  plug  the  filter 
and  would  melt  at  159°?,,  and  at  or  above  this  temperature.,  the  lubricant  becomer, 
clear  (Figure  ^0),  In  addition,  the  contamination  specification  limits  the  water 
content  to  u , lk% . 


Excellent  choice!  stability  of  the  sandidat*  lubvics.-nt  'was  groves* 
in  th*  Rueaerour  tests  and  mak-'C  this  lubricant  desirable  for  the  Titan  XI  family 
gearboxes . 


Foaming  and  aeration  of  both  lubricant*  &r*  about  the  sain®. 
Accordingly,  the  cooling  effect  of  the  critical  hr-x  areas  within  the  gearbox  is 
the  sa»s  for  both. 

Lc3g -duration  storage  tests  to  date  show  that  in  the  presence  of 
water  the  protective  action  of  the  Hij&bie  3156  1'abricact  jsrerventa  rust  formation 
on  thw  gee. box  parts.  Red  vust  was  found  on  th*  »«&»  parts  when  they  were  exposed 
to  Bryeo  880  Ccnojet  lubricant  ecatai sin#  0.2?  of  wnt-er.  The  prsiervative  properties 
of  the  present  and  new  oilp  judged  by  humidity  cabinet  tests*  are  aqual,  but  both 
are  poorer  thas  those  of  preaarvativw  oils  (such  ts  asset  Specifications  MIL-C-SlSSC 
@.c,i  M1L-H-6C83E). 

F.  FUTURE  QUALIFICATION  OF  Jflftf  Oil  FOR  TTSAS  KK0X5E 

Tbi>  oil  designated  Humble  315b,  developed  or  this  program,  has  been 
thoroughly  evaluated  at  the  laboratory  and  component  xcvel  and  has  been  found 
superior  to  the  present  oil  ia  nearly  all  area*.  AM  turbopu® p  operational  conditions 
cannot  be  effectively  or  economically  reprcduced  at  the  laboratory  and  component  level. 
Therefore ,  further  evslustion  is  required  st  the  turbopump  assembly  (TPA)  cold  flow 
and  engine  test  level. 

The  qualification  progrrm  objectives  should  be  aimed  at  proving  the 
capabilities  cf  the  new  oil  in  a  v.urbopump  assembly,  under  the  most  adverse  operating 
conditions  normally  encountered  during  the  life  of  such  a  unit.  It  is  also  desirable 
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IV,  F,  Future  Qualification  of  Hew  Oil  for  Titan  gnginc  (coot.) 


to  «vslu*vte  the  new  oil  in  &  TPA  at  conditions  that  accentuate  the  problems  encountered 
with  the  present  oil.  Other  problem  areas  to  be  considered  that  were  *ncounter<td  in 
laboratory  screening  tests  with  the  new  oil  are  ®s  follows: 

(1)  A  whits  gelatinous  precipitate  caused  by  excessive  water  in  the 
Itibricatiot,  oil. 

(2)  A  tendency  to  form  a  Vaselia<s~like  substance  on  soft  steel  components 
at  room  temperature, 

(3)  Discoloration  or  gray  tarniah  formed  cn  bearings  and  low  carbon 
steel  component.'! . 

{k}  A  decrease  in  load- carrying  ability  in  the  presence  of  black-oxide- 
ecatcd  gears. 

(5)  Degradation  of  black  oxide  coatings  on  nonvearing  surfaces. 

1.  Qualification  Testing 

To  explore  all  the  conditions  in  which  the  new  oil  may  be  expected 
to  provide  lubrication,  the  qualification  testing  should  be  accomplished  in  three 
phases  with  the  following  units : 

1.  Titan  II  field  units 

2.  Titan  II  production  components,  except  with  so  black  oxide  on 
the  gears . 

3  c  Titan  II  c  cannot:  ic.tr 

Phase  i  tests  should  evaluate  the  new  oil  at  the  following 

conditions : 

1.  Maximum  allowable  contaminants  of  Q.155&  water,  0.10J& 

AsroZISE  50,  no  and  2%  MIL-L-TG08d(1)  oil. 

2.  Maxima  hot  gas  leak  to  the  gearbox  of  30  psia  (to  simulate 
flight  conditions). 

It  should  be  established  that  the  new  oil  is  acceptable  at  these 
conditions  by  performing  a  series  of  full-duration  tests  on  a  TPA  that  has  exhibited 
high  temperatures v  a  high  lubrication  jet  pressure  decay,  and  turbine  seal  leakage. 

In  Phase  2,  these  teats  should  be  repeated  without  black  oxide  on 

the  gears 

In  Phase  3,  thece  tests  should  be  conducted  with  Titan  III 

components . 
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IV,  F,  Future  Qualification  of  Hew  Oil  for  Titan  Engine  (cont.) 

2.  Postteat  Qualification  Data 

For  a  lubrication  oil  inspection,  the  oil  drained  from  the  lubrica¬ 
tion  system  after  each  cold  flov  or  engine  test  is  to  be  analyzed  for  the  following- 

a.  Viscosity 

b.  KOH  (neutralisation  number) 

c .  Precipitate 

d.  Compatibility  (tendency  to  stratify) 

e.  Aeration  (entrained  gases) 

f.  Water  content 

g.  content 

h„  AeroZ-INE-50  contact 

i.  Filter  screen  deposit  analysis 

The  gearboxes  are  to  be  disa»***bled  and  the  components  inspected 
after  each  test  cr  at  such  intervals  deemed  necessary  by  engineering  to  establish 
wear  or  degradation  characteristics  of  all  affected  components. 

Inspection  record  data  is  to  be  kept  on,  but  is  not  limited  to, 

the  following: 

1.  Inspection  of  bearings  per  Specification  AGC-46322. 

2.  Visual  inspection  of  all  gear  teeth  and  preparation  of  involute 
profile  charts  on  Teeth  1,  2,  and  3  of  the  pinion  gears  of  both  stages. 

3-  Recording  of  the  condition  of  the  seal  cavity  relative  to 
contamination  from  lubrication  oil  and  listing  of  postfire  leak  check  data. 

i*.  Inspection  of  all  components  for  varnish-like  deposits. 

5.  Inspection  of  the  interior  of  the  gearbox  for  any  deposits  that 

may  be  attributed  to  the  new  oil. 
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AEPOJjST-GESERAL  CORPCMTIOH  GMR  LUBRICAHT  SPECIFICATIO*  AGC-4U209 
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1.  SCOPE 

1.1  This  specification  establishes  the  minimus  requirements  for  a  petroleum 

(naphthene  type)  base,  high  temperature  lubricating  oil  suitable  for  use  in  gearboxes 
for  extended  storage  periods  of  16  months,  minimum,  (see  6.1). 

2.  APPLICABLE  DOCUMENTS 

2.1  Department  of  Defense  documents.-  Unless  otherwise  specified,  the 

following  documents,  listed  in  the  issue  of  the  Department  of  Defense  Index  of  Speci¬ 
fications  and  Standards  in  effect  on  the  date  of  invitation  for  bids,  shall  form  a 
part  of  this  specification  to  the  extent  specified  herein. 

SPECIFICATIONS 

Military 

MIL-L-T8o8d,  Lubricating  Oil,  Aircraft  Turbine 

Amendment  1  Engine,  Synthetic  Base 

9  September  196l 

MIL-S-13282  Silver 

STANDARDS 

Federal 

Federal  Test  Lubricants,  Liquid  Fuels,  and  Related 

Method  Products;  Methods  of  Testing 

Standard  791 

(Copies  of  documents  required  by  contractors  in  connection  with  specific  procure¬ 
ment  functions  should  be  obtained  as  indicated  in  the  Department  of  Defense  Index 
of  Specifications  and  Standards.) 

2.2  Other  documents.-  Unless  otherwise  spec**'  a,  the  following  documents, 
of  the  issue  in  effect  on  the  date  of  invitation  for  bids,  shall  form  a  part  of  this 
specification  to  the  extent  specified  herein. 

STANDARDS 


American  Society  for  Testing  and  Materials 

A STM  D92  Method  of  Test  for  Flash  and  Fire  Points 

by  Cleveland  Open  Cup 

A STM  D97  Method  of  Test  for  Cloud  and  Pour  Points 

ASTM  D270  Sampling  Petroleum  and  Petroleum  Products 

A STM  D286  Autogenous  Ignition  Temperatures  of 

Petroleum  Products 
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A STM  D287 

A  STM  DU!*5 
ASTM  D66h 
ASTM  D892 

ASTM  Dll60 
ASTM  D171*1* 


Method  of  Test  for  API  Gravity  of  Petroleum 
Products,  Hydrometer  Method 

Method  of  Test  for  Kinematic  Viscosity 

Neutralization  Number  by  Potentiometric  Titration 

Method  of  Test  for  Foaming  Characteristics  of 
Lubricating  Oils 

Distillation  of  Petroleum  Products 

Water  in  Liquid  Petroleum  Products  by 
Karl  Fischer  Reagent 


(Copies  of  ASTM  standards  may  be  obtained  from  the  American  Society  for  Testing  and 
Materials,  1916  Race  Street,  Philadelphia  3,  Pennsylvania.) 


2.3  Aerojet-General  Corporation  documents.-  Unless  otherwise  specified, 
the  following  documents,  of  the  latest  issue  in  effect,  shall  form  a  port  of  this 
specification  to  the  extent  specified  herein. 

SPECIFICATION 


AGC-i*L0ta  AeroZINE  50 

3.  REQUIREMENTS 

3.3  Qualification.-  The  product  furnished  under  this  specification  shall 
be  a  product  vtuuh  has  been  tested  and  has  passed  the  qualification  tests  specified 
herein  and  has  been  listed  on,  or  approved  for  listing  on,  the  applicaole  qualified 
products  liBt. 

3.1.1  Requalification . -  Requalification  may  be  required  in  the  event  any 
change  is  made  in  quality,  composition ,  source  of  ingredients,  or  source  of  manu¬ 
facture  of  the  finished  lubricant. 


3.2  Material.-  The  lubricant  shedl  consist  of  a  base  stock,  of  naphthene 
type  oil  containing  additives  for  the  improvement  of  oxid-tion  resistance,  foaming, 
3nad-carrying  and  ant1  orrosion  characteristics. 

3.2,1  Petroleum  base  stock.-  The  properties  of  the  petroleum  base  stock, 
before  the  addition  of  any  other  ingredient,  shall  be  as  follows: 
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Test  Method 


Property 

Requirement 

FTMS-791A 

ASTM 

Specific  gravity  at  6v°F 

0.863  +  0.005 

i*01 

D-287 

Flash  point,  C0C,  °T,  Min, 

325 

1103 

D-92 

Fire  point,  COC,  °F,  Min 

360 

1103 

D-92 

Cwlor,  Saybolt,  Min. 

♦30 

101 

D-156 

Precipitation  number,  Max. 

0.03 

3101 

— 

Water  content,  Karl  Fischer, 

0.01 

3253 

— — 

t  Max. 

Pour  point,  °F,  Max. 

-30 

201 

D-97 

Distillate  at  330°F,  ICtom  Hg 

5%  max. 

— 

D-116 

Viscosity,  kinematic, 

cstks  at  100°F 

lk.2  +  0.7 

305 

D-W5 

cstks  at  210°F 

3.00  ♦  0.15 

305 

D-U5 

Neutralization  number  mgKGH/gr 

0.03 

5105 

D-66I4 

Max. 

3.2.2  Additives.-  The 

only  additives  added  to  the 

case  stock  oil 

shall  be 

the  follovlng  for  the  Achievement  of  antioxidant,  antivear,  antifoam  and  anticor¬ 
rosion  characteristics. 

3. 2. 2.1  Antioxidant The  antioxidant  to  he  added  shall  he  0.50  ♦_  0.05 
percent  by  weight  of  V  it'-methylenebis  (2,6-ditert-butylphenol  as  manufactured  by 
Ethyl  Corporation,  or  equivalent). 

3. 2. 2. 2  Antivear.-  The  antivear  compound  to  be  added  shall  be  0.30  +0.02 
percent  by  weight  of  Ortuoleum*  162  lubricant  assistant  as  manufactured  by 

E.  I.  DuPont  de  NeMours  and  Company, 

3. 2. 2. 3  Ant 1 foam . -  The  xntifows  compound  to  be  added  shall  oe  0.10  +  0.C2 
percent  by  weight  of  PC-12^4  Defoamer  as  manufactured  by  Monsanto  Chemical  Company. 

3. 2. 2. it  Anticorrosive.-  The  anticorrosive  to  be  added  shall  be  50  *_  5  ppc 
of  Ortholeum*  535  as  manufactured  by  E.  I.  DuPont  de  Nemours  and  Company. 

3.3  Physical  and  chemical  properties.-  The  f* wished  oil  shall  have  the 
f c ’ loving  propert it s : 
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Tost  Method 


Property 

Requirement 

FTMS  791 

AS® 

Viscosity  at  ICO0?,  csths 

lu.2  +  0.T 

305 

DbUp 

Viscosity  st  £XQcps  eatirs 

3.00  +  0.15 

305 

DW5 

star  point ,  f ,  iisix . 

201 

DO? 

Flash  point,  Hia. 

tot 

1103 

D92 

%.  Sr.  at  60°F/60°F 

0.863  +  0.005 

U01 

B28? 

Neutralisation  number,  sg 
KDH/g 

0,600  +0.050 

5105 

D66h 

rSStX  * 

%5 

5$ 

1001 

d86 

Autoignition  tesp,  °F,  Min, 

735 

1152 

dh6o 

Water  content,  %  by  wfc.  Max, 

0.01 

3253 

Dnkk 

3»k  Corrosion  and 

oxidation  stability.- 

3.^.1  Corrosion,-  When  tested  in  accordance  with  this  specifications  test 
samples  of  carbon  steel t  aluminum,  and  silver,  shall  not  experience  a  weight  change 
in  excess  of  . 2  a g/cm2  of  surface  area.  A  teat  sample  of  copper  shall  not  have  a 
change  in  weight  in  excess  of  + 2.5  sg/cm^  Qf  surface  area.  There  shall  he  no  pitting, 
etching,  or  visible  corrosion  on  the  surface  of  any  of  the  matals  when  viewed  under 
a  magnification  of  20  diameters.  Staining  of  the  metals  is  permitted. 

3. **.2  Oxidation  stability.-  The  viscosity  of  the  lubricating  oil  measured 
after  the  corrosion  test  (3 .  ** . 1 J  shall  not  have  changed  more  than  -5  to  +15  percent 
from  the  original  viscosity  at  100eF.  The  maximum  allowable  neutralisation  number 
softer  the  corrosion  test  shall  be  2.20.  Darkening  of  the  lubricating  oil  during 
the  test  is  permitted. 

3.5  Swelling  of  synthetic  rubber.-  Swelling  of  standard  synthetic  rubber 
"H"  by  the  lubricating  oil  shell  not  exceed  10  percent  change  in  volume, 

3.6  Load-carrying  ability  (gear  test?,-  The  load-carrying  ability  require¬ 
ment  shall  depend  on  the  number  of  gears  tested  as  shown  below: 

Ho.  of  Load-Carrying  Requirements  Average  Relative  Rating* 

Teste  (lb/ in, ,  minimum)  (percent,  minimum) 


2 

3000 

107 

4 

2800 

100 

6 

2650 

95 

8 

2500 

89 

Average  Relative  Ratings  are  based  on  reference  oil  having  a  rating  of  2800  lb/in. 
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*4.91* 


sdix 


!r»dit 


g-id  **?  j»a<*b 


: terl sties .-  When  tested  in  accordance  with  this  spaci- 
.1  shall  not  exceed  the  following  foam  volume  values  for 
queues*  Complete  foam  collapse  shall  occur  before  the 


(sil  K&x) 


Sequence 
Late  Period 


p. 

O  i  ^ 


A&r&t*  ion » - 


ICO  5  ain  ♦  10  sec 
25  3  sin  +  10  sec 
100  5  min  +_  10  see 

clearing  time  for  the  lubricating  oil  when  tested  in 


with  this  specification  shall  be  90  sec,  maximum. 


3,9  Ceaaeat ibility . -  When  tested  in  accordance  with  the  compatibility 

procedures  of  this  specification  the  lubricating  oil  shall  meet  the  following 
requirements , 

3.9.1  nitrogen  tetroaide,  HpOb.-  He  solid  precipitation  at  end  of  72  hour 

test  period. 

3.9.2  AsroZIHB  50.-  Ho  solid  precipitation  at  end  of  72 -hour  test  period. 

A  temperature  rise"of”TBcf  is  permissible.  After  centrifuging,  a  slight  cloudiness 
of  the  oil  layer  is  permissible. 

3.Q.3  Moist  Ammonia,-  Bo  solid  precipitation  at  end  of  72-hour  test  period. 
Cloudiness  cf  the  oil  layer  is  permitted. 


3.9,1*  Water . -  Ho  solid  precipitation  at  end  of  72-hour  test  period. 

3.9.5  MIh-h-7608S(l)  oil.- 

3. 9. 5.1  After  168  hours.-  The  mixture  of  lubricant  and  2.0  +  0.1  percent 
MlL~L~7S08D{l)  oil  shall  show  no  sign  of  separation  or  precipitation  when  main¬ 
tained  at  a  temperature  of  221  +  5°F  for  168  +.  0,5  hours.  After  centrifuging , 
the  mixture  shall  not  be  turbid  or  have  acre  precipitate  than  0.005  ml/200  ml 
of  oil. 


3. 9. 5. 2  After  18  months.-  The  mixture  of  lubricant  and  2,0  ^  0,1 
percent  of  MIL-L-7B08D ( 1 )  oil  shall  show  no  signs  of  separation  and  meet  the 
extended  storage  stability  requirements  when  stored  in  a  dark  room  for  18 
months  at  75  +_  5°F. 

3,10  Extended  storage  stability.-  The  lubricant,  when  tested  for  extended 
storage  stability  in  accordance  with  this  specification,  shall  show  no  signs  of 
separation  (stratification  or  precipitation)  after  18  months.  In  addition,  the 
lubricant  shall  meet  the  requirements  of  the  following  properties  when  tested  after 
toe  18-month  period: 
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Viscosity  -it  XGGCF 
Flash  point 


Fos 


r>Gir.t 


;ion  and  oxidation  stability  at  3{m°F 


{ c }  Foassisg 

(?)  Aeration 


{ g )  Neut  r si  i  s  at  ica  susabey 


3.11  Cycling  effect.-  The  lubricant  shall  not  shov  any  sign  of  separation, 
turbidity,  or  precipitation  when  tested  between  the  time  and  temperatures  specified 
in  Section  4.14. 


3.12  Filter-ability . -  When  aired  and  filtered  as  specified  in  Section  k , 
the  increase  in  the  pressure  drop  through  the  filter  shall  not  exceed  8.0  psi. 

3.13  Quality,-  The  lubricant  shall  be  homogeneous  and  contain  no  mixture 
of  resin,  rubber,  soaps,  gums,  fatty  oils,  oxidised  hydrocarbons ,  or  other  additives 
(except  as  specified  herein), 

3.1^  Temperature  Half sties.-  At  no  time  during  the  lubricant  blending 
process,  or  operations  subsequent  thereto,  shall  the  temperature  of  the  lubricant 
or  its  components  exceed  300°F. 

4,  QUALITY  ASSURANCE  PROVISIONS 

4.1  Supplier  responsibility. - 

4.1.1  Inspection.-  Unless  otherwise  specified,  the  si  roller  is  responsible 
for  the  performance  of  all  inspection  requirements  as  specified  herein  and  may  use 
any  facilities  acceptable  to  the  Aerojet -General  Corporation  (AGC).  The  supplier 
shall  submit  a  certified  test  report  shoving  the  material  conforms  to  all  require¬ 
ments  of  this  specification  prior  to  qualification.  The  supplier  shall  submit  a 
certified  test  report  with  each  lot  of  material  offered  for  acceptance  shoving  that 
the  materiel  conforms  to  the  acceptance  tests  specified  herein. 

4.1.2  Processing  changes.-  The  supplier  shall  make  no  change  in  processing 
techniques  or  other  factors  affecting  the  quality  of  the  product ,  after  qualifica¬ 
tion  has  been  granted,  without  prior  notification  to  AGC. 

4.1.3  Rejection,-  A  lot,  of  material  shall  be  subject  to  rejection  if  a 
single  sample  from  that  lot  fails  to  satisfy  all  of  the  acceptance  tests  specified 
herein.  In  the  event  a  sample  fails  to  satisfy  an  acceptance  test,  a  res&irple  and 
retest  shall  be  permitted  prior  to  rejection  of  a  lot. 
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!* .  1  Inspection  lot». - 

U.2,1  Batch.-  An  indefinite  quantity  of  a  homogeneous  mixture  of  material 
manufactured  by  a  single  plant  run  through  the  same  processing  equipment  with  no 
change  in  ingredient  material. 

b.2.2  Lot,-  An  indefinite  number  of  identical  size  an.’  type  unit  packages 
offered  for  acceptance  and  filled  with  a  homogeneous  mixture  r  laterial  manu¬ 
factured  by  a  single  plant  run  through  the  same  proc**"  ment  with  no 

change  in  ingredient  material. 

U.3  Classification  of  tests.-  The  inu^  -  ^nd  testing  of  the 
lubricant  shall  be  classified  as  follows : 

(a)  Qualification  tests.-  Qualification  tests  are  those  tests  conducted 
on  samples  of  material  to  be  considered  for  qualification  as  a 
satisfactory  product  prior  to  en  invitation  for  bid. 

(b)  Acceptance  tests.-  Acceptance  taste  are  those  tests  accomplished 

on  material  manufactured  and  submitted  for  acceptance  under  contract. 

U . U  Qualification  testing.-  Qualification  testing  shell  consist  of  the 

following  testa  performed  in  the  order  below: 

(a)  Acceptance  teats 

(b)  Base  stock  certification 

(c)  Flash  point 

(d)  Pour  point 

(e)  Distillate 

(f)  Autoignition  temperature 

(g)  Swelling  of  synthetic  rubber 

(h)  Compatibility  tests 

(i)  Expended  storage  stability 

(j)  Cycling 

(k)  Filterability 
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4.5  Acceptance  testing.-  Acceptance  testing  shall  consist  of  the 
following  tests: 

(a)  Viscosity  at  100°F 

(h)  Viscosity  at  210°F 

(c)  Specific  gravity,  60°F/60°F 

(d)  Aeration 

(e)  Neutralization  number 

(f)  Water  content 

(g)  Foaming 

vh)  Corrosion  and  oxidation  stability  at  347feF 

(i)  Load-carrying  ability  (Ryder  Gear  Test) 

(j)  Certification  of  concentration  and  brand  names  of  additives  used  (3.2.2) 

4.6  Sampling. - 

4.6.1  Sampling  plan.-  The  sampling  plan  and  method  used  for  acceptance 
shall  be  la  accordance  with  Publication  ASTM  D-2T0. 

4.6.2  Qualification  test  sample.-  The  qualification  test  sample  shall 
consist  of  10  gallons  of  finished  lubricating  oil  taken  from  each  of  three  batches. 
Samples  shall  be  taken  in  accordance  with  the  method  specified  in  Publication 

ASTM  D-270,  identified  as  required,  and  forwarded  to  the  testing  laboratory  approved 
by  AC-C . 


4 . 7  Test  methods. - 

4.7.1  Chemical  and  physical  tests.-  Unless  otherwise  specified,  the  tests 
of  Table  I  shall  be  made  in  accordance  with  the  test  methods  described  in  Federal 
Test  Method  Standard  791. 

4.7.2  Corrosion  and  oxiditation  stability  test.-  The  corrosiveness  and 
oxidation  stability  of  the  product  shall  be  determined  by  Federal  Test  Method 
Standard  791,  Method  5308,  with  the  following  exceptions: 

(a)  Temperature  shall  be  347  +_  1°F. 

(b)  Length  of  test  shall  be  24  hours. 

(c)  Silver  (MIL-S-13?82)  shall  be  substituted  for  magnesium. 
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(d)  Teflon  shall  be  substituted  for  u*dmium  plated  steel  to  give  rigidity 
to  the  assemblage. 

(e)  The  following  sequence  of  test  specimen  assembly  shall  be  used: 

(l)  Copper,  Iron,  silver  ana  aluminum  with  a  teflon  spacer  placed 
diagonally. 

4.8  Swelling  of  synthetic  rubber  test.-  The  swelling  of  standard  synthetic 
rubber  "H"  shall  be  determined  by  Federal  Test  Method  Standard  791,  Method  3604. 

4.9  Load  carrying  ability  test.-  The  load  carrying  ability  of  the  product 
shall  be  determined  by  Federal  Test  Method  Standard  791,  Method  6508.  Eight  deter¬ 
minations  shall  be  made  for  qualification  testing.  A  minimum  number  of  determina¬ 
tions  shall  be  made  for  acceptance  testing  to  satisfactorily  pass  the  lubricant  gear 
test  requirements. 

4.10  Foaming  characteristics.-  The  foaming  of  the  produc;  shall  be  deter¬ 
mined  by  Federal  Test  Method  Standard  791,  Method  3212,  except  that  the  settling 
periods  shall  be  5,  3,  and  5  minutes,  respectively. 

4.11  Aeration  test.-  Preheat  a  sample  of  the  product  to  100  j^2°F. 

Transfer  200  ♦  2  ml  to  a  Waring -type  blender  and  mix  at  high  speed  fc*  one  minute. 
Transfer  the  sample  to  a  250-al  graduated  cylinder.  Observe  the  time  required  for 
the  sample  to  clear  enough  for  all  graduation  marks  to  be  visible  when  viewed 
through  the  lubricant  against  a  dark  background.  The  first  two  readings  shall  be 
disregarded.  Three  determinations  are  required  to  establish  a  value. 

4.12  Compatibility  tests.-  The  propellants  used  in  the  compatibility 
tests  are  extremely  hazardous  and  should  be  handled  with  the  precuations  pre¬ 
scribed  in  6.3. 

4.12.1  Nitrogen  tetroxide,  NpOk .-  Place  20.0  +  0.5  ml  of  lubricant  in  a 
100-ml  beaker  and  cool  to  approximately  12°F.  Place  a  magnetic  stirring  bar  in 
the  beaker  and  place  the  beaker  on  a  magnetic  stirrer.  Suspend  a  thermometer  in 
the  lubricant  so  that  the  bulb  is  covered.  Pour  a  sample  of  «2°4  (98  percent 
minimum)  into  a  second  beaker.  When  the  lubricant  has  warmed  to  the  temperature 
of  the  N20j^,  turn  on  the  magnetic  stirrer,  and  slowly  add  20.0  +  0.5  ml  of  ^Oi*. 
Record  the  temperature  during  mixing  and  observe  the  mixture  after  72  hours  for 
precipitate  formation. 

NOTE:  50/50  mixture  of  the  oil  and  nitrogen  tetroxide  will  detonate  if  heated 

to  155CF. 

4.12.2  AeroZIBE  5'1. -  Place  20.0  0.5  ml  of  lubricant  in  a  100-ml  beaker. 

Place  a  magnetic  sirring  bar  in  the  beaker  and  place  the  beaker  on  a  magnetic 
stirrer.  Suspend  a  thermometer  in  the  lubricant  to  that  the  bulb  is  covered. 

Turn  on  the  magnetic  stirrer  and  slowly  add  20.0  +  0.5  ml  of  AeroZINE  50  (per 
AGC-44q4i).  Continue  mixing  for  one  minute  and  centrifuge  for  10  minutes  at 

70  ♦  5  gravity  units  to  break  the  emulsion.  Observe  the  1  :ture  for  precipitate 
formation  after  72  hours. 
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4,12.?  Mo let  ammonia.-  Place  120  ml  of  teet  lubricant  in  a  clean  dry 
three-necked,  5 CO -ml  distilling  flask.  Connect  a  300-al  reflux  condenser  to  the 
center  opening.  Attach  cooling  water  to  the  condenser.  Place  a  thermometer, 
secured  through  a  rubber  stopper,  in  one  of  the  flasks  side  openings  and  immerse 
in  the  lubricant  until  the  thermometer  bulb  is  covered.  Insert  a  length  of  one- 
fourth  inch  outside  diameter  pyrex  tubing  through  a  rubber  stopper  in  the  remaining 
flask  opening  and  extend  to  the  bottom  of  the  flask.  Connect  the  other  end  of  the 
tubing  to  an  anhydrous  ammonia  (99.9  percent  minimum)  supply  so  that  the  ammonia 
passes  through  two  scrubbers  (primary  absorber  with  fritted  glass  disc)  before 
reaching  the  lubricant.  Add  50  ml  of  ammonium  hydroxide,  reagent  grade,  *o  each 
scrubber.  Attach  a  tube  to  the  upper  end  of  the  condenser  and  vent  off  excess 
ammonia  into  an  exhaust  hood.  Heat  the  lubricant  to  250  ♦  5°F  with  a  heating  mantle 
(Glass-Col,  Series  M)  and  bubble  ammonia  through  the  lubricant  at  a  rate  of 
4.5  +  0.45  gm/hr  for  four  hours.  Check  the  mixture  for  a  precipitate  or  other 
risible  changes  after  72  hours, 

4.12.4  Water.-  Mix  three  percent  of  water  by  volume  with  the  lubricant 
and  heat  to  200  +_  5aF .  After  maintaining  this  temperature  for  four  hourB,  allow 
to  cool  to  ambient  temperature.  Check  the  mixture  for  r  precipitate  or  other 
visible  changes  after  72  hours, 

4.12.5  MIL-L-7808d(1)  oil.-  Mix  2.0  +  0.1  percent  by  volume  of 
MIL-L-7808d(1)  oil  with  the  lubricant  following  the  same  procedure  and  tests  as 
for  the  "extended  storage  stability  test."  The  l68-hour  test  shall  be  performed 
in  accordance  with  the  requirements  of  3.10.5.1. 

4.13  Extended  storage  stability  test.-  Place  one  five-gallon  can  and 
one  quart  clear  glass  container  of  the  test  lubricant  in  a  dark  room,  maintained 
at  a  temperature  of  75  ♦  5°F.  At  3,  6,  12,  and  18  months,  the  lubricant  in  the 
clear  glass  container  shall  be  visually  inspected  for  evidence  of  separation, 
either  in  the  form  of  stratification  or  precipitation.  Samples  shall  be  taken 
from  the  five-gallon  container  at  the  end  of  18  months  at  which  time  the  following 


tests  shall  be  performed  on  the  sample. 

(a) 

Viscosity  at  100°F 

(b) 

Flash  point 

(c) 

Pour  point 

(d) 

Corrosion  and  oxidation  stability  at  347°F 

(e) 

Foaming 

(f) 

Aeration 

(g) 

Neutralization  number 

4.l4  Cycling  test.-  The  lubricating  oil  shall  be  cycled 
and  +l60°F  for  24  hours.  A  minimum  of  four  cycles  shall  be  made. 

between  -65 °F 
Inspection 

for  separation,  turbidity  and  precipitate  shall  be  at  room  temperature. 
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4.15  Filterability  test.-  Blend  two  quarts  of  lubricant  containing 
0.1  +  0.2  percent  by  weight  distilled  water  in  a  Waring-type  blender  at  high 
speed  for  one  minute.  Circulate  at  0.10  ♦  0.01  gpm  and  200  +_  5°F  through  a 
steel  or  plastic  piping  system  consisting  of  a  pump,  reservoir,  f iitei ,  ther¬ 
mometer,  control  valve  and  flow  meter.  While  circulating  the  lubricant  mixture, 
bubble  into  the  reservoir  400  +  100  cc/hr  of  gaseous  ammonia.  The  filter  through 
which  the  ammonia  contaminated  lubricant  shall  pass  shall  be  a  40-micron, 
stainless  steel  one  with  an  effective  filtering  area  of  two  square  inches.  Filter 
the  mixture  for  eight  hours.  After  this  period  of  time,  measure  the  pressure 
increase  across  the  filter. 

5.  PREPARATION  FOR  DELIVERY 

5.1  Packaging  and  packing.-  The  packaging  and  packing  of  the  lubricating 
oil  shall  be  in  accordance  with  the  following: 

5.1.1  Containers.-  The  size  of  the  containers  shall  be  one  quart  cans. 
Containers  shall  be  made  of  a  plastic  which  is  non-reactive  with  the  lubricant. 

Before  filling,  all  containers  shall  be  thoroughly  cleaned  urd  inspected. 

Containers  shall  be  completely  absent  of  water. 

5.1.2  Filling.-  The  lubricant  shall  be  filtered  through  a  suitable  filter 
assembly  rated  at  10  microns  or  finer,  situated  as  close  to  the  container  filler 
equipment  as  may  be  feasible, 

5.2  Marking.-  Each  unit  package  and  each  packing  container  shall  be 
marked  follows: 

5.2.1  Unit  package.-  Each  unit  package  shall  be  marked  as  follows: 

(a)  AGC-44209 

(b)  3156  Gear  Lubricant 

(c)  Manufacturer's  Identification  Code 

(d)  Batch  Number 

In  addition,  the  following  warning  note  shall  appear: 

"WARNING"  DO  NOT  MIX  WITH  ANY  OTHER  FLUID  OR  OIL 

5.2.2  Packing  container.--  Each  packing  container  shall  be  marked  as  follows: 

(a)  AGC-44209 

(b)  3156  Gear  Lubricant 

(c)  Manufacturer's  Identification  Code 

(d)  Date  of  Manufacture 

(e)  Batch  Number 
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6.  NOTES 

6.1  Intended  use.-  This  product  is  to  be  used  for  the  lubrication  of 
high  speed  gears  when  under  heavy  load  at  temperatures  up  to  350°P  and  stoved  for 
a  period  in  excess  of  18  months. 

6.2  Qualification.-  Procurement  contracts  will  be  awarded  only  for  such 
products  that,  prior  to  the  closing  date  for  receipt  of  quotations,  have  been 
tested  and  approved  for  inclusion  on  the  applicable  qualified  products  list  (QPL). 

The  attention  of  suppliers  is  called  to  this  requirement,  and  they  are  urged  to 
have  the  products  that  they  propose  to  offer  to  AGC  tested  for  qualification  in 
order  that  they  may  be  eligible  to  be  awarded  contracts  for  the  products  covered 
by  this  specification.  The  activity  responsible  for  the  QPL  is  AGC. 

6 . 3  Safety . - 

6.3.1  Compatibility.-  NgO^  and  AeroZINS  50  should  not  be  present  in  the 
laboratory  at  the  same  time.  The  compatibility  tests  of  .oil  and  propellants  should 

be  carried  out  in  a  laboratory  hood  equipped  with  forced  air  ventilation.  AeroZINE  50 
and  NgO^  compatibility  tests  should  be  done  behind  a  safety  shield  consisting  of  a 
double  thickness  of  safety  glass  held  in  place  by  an  aluminum  or  other  metal  frame¬ 
work.  The  safety  glass  should  be  approximately  2  feet  by  2-1/2  feet.  The  propellant 
should  be  added  to  the  oil  by  reaching  around  the  side  of  the  safety  shield  and 
slowly  adding  the  propellant  to  the  oil.  An  asbestOB  glove  and  a  face  shield  should 
be  worn  while  performing  this  operation.  N2O4  is  a  strong  oxidizer  and  must  be  kept 
avay  frees  all  oxidizable  substances.  The  hood  used  to  carry  out  tests  with  N2G4 
should  be  thoroughly  cleaned  before  use. 

6.3.2  NgOh  hazards.-  The  fumes  or  vapors  frees  NgQi*  are  extremely  toxic 

and  capable  of  producing  acute  poisoning.  A  concentration  of  only  five  yarta  per 
million  is  the  maximum  allowable  concentration  (continuous  exposure  during  an  eight 
hour  period).  Although  acid  fumes  containing  this  amount  of  are  usually 

detectable  by  odor,  vapors  from  liquid  83^4  are  more  deceptive  and  may  reach 
dangerously  high  concentrations  before  throat  irritation  occurs.  The  exact  threshold 
of  poisoning  from  probably  varies  with  individuals  and  acute  or  fatal  poisoning 
may  occur  with  little  or  no  warning  to  the  victim  at  the  time  of  inhalation.  The 
toxicity  symptoms  and  over-exposure  effects  from  N2O4  are  almost  identical  with  those 
for  nitric  acid.  The  symptoms  of  poisoning  by  the  inhalation  of  the  oxides  of  nitro¬ 
gen  or  nitric  acid  vapors  are  determined  by  the  relative  concentrations  of  the  toxic 
substances  in  the  vapor,  the  duration  of  exposure,  the  total  vapor  conct  tration, 
and,  to  some  extent,  the  susceptibility  of  t&e  individual.  Upon  inhaling  nitric 
acid  vapor  or  nitrogen  oxide  fumes,  little  warning  is  given  as  to  the  degree  of 
exposure,  In  case  of  over-exposure,  the  usual  burning  sensation  of  the  nose  and 
throat  will  subside  shortly  after  exposure,  only  to  be  followed  in  five  to  eight 
hours  by  symptoms  of  nitric  acid  poisoning,  coughing,  burning  of  the  chest  and 
difficulty  in  breathing,  varying  in  intensity  with  the  degree  of  over-exposure. 

In  other  cases  excessive  inhalation  of  the  oxides  of  nitrogen  presents  a  distinctly 
different  appearance  characterized  by  dizziness,  faintness  and  lowered  blood 
pressure.  Should  any  of  the  above  symptoms  be  noticed,  report  immediately  to  first 
aid.  Should  the  first  symptoms  occur  after  working  hours,  contact  a  physician  or 
call  first  aid  for  instructions. 
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6.3.3  AeroZIHE  50  hazards.-  AeroZIHE  50  is  a  blend  of  hydrazine  an' 
unsyametrical-dimethylhydrazine  (UDMH) .  Both  of  these  materia*.*  are  toxic  and  can 
cause  poisoning  by  contact,  inhalation  or  ingestion.  Both  are  caustic  and  cause 
irritation  of  the  skin  or  injury  to  the  eyes  or  mucous  membranes .  Hydrazine  is 
explosive  in  the  vapor  state.  It  is  a  strong  reducing  agent  and  if  spilled  on 
such  material  as  vcod,  paper,  rags  or  rusty  iron,  should  be  washed  away  at  once 
with  large  amounts  of  water.  If  AeroZIHE  50  comes  into  contact  with  the  skin  or 
eyes  or  other  parts  of  the  body,  it  should  be  cashed  away  at  once  with  large  amounts 
of  clean  water  and  first  aid  or  medical  attention  should  be  obtained  immedia*.  sly. 

The  presence  of  AeroZIHE  50  in  the  air  is  detectable  by  the  ammonia-like  odor. 

The  presence  of  this  odor  is  warning  of  the  presence  of  harmful  concentrations.  The 
maximum  allowable  concentration  (MAC)  for  hydrazine  is  1.0  part  per  million;  for 
UDMH  the  MAC  is  0.5  part  per  million.,  Due  to  the  higher  volatility  of  UDMH,  the 
vapor  existing  over  liquid  AeroZIiE  50  is  essentially  all  UDMH  and  the  MAC  of 
0.5  ppm  should  be  observed. 
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RYDER  GEAR  TEST  PROCEDURE  AND  TEST  RESULTS 
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The  load-carrying  ability  of  lubricating  oil#  vith  reference  to  gear#  i# 
measured  in  pound#  per  inch.  The  pound#  is  a  meaaure  of  the  force  transmitted  from 
the  driving  teeth  to  the  driven  gear  teeth.  Since  the  contact  area  of  these  teeth 
at  any  instant  i#  virtually  a  line,  the  inch  unit#  is  the  measure  of  the  length  of 
this  line  or,  in  general,  the  axial  width  of  the  gear  tooth. 

The  lead-carrying  capacities  of  oil#  are  investigated  by  testing  each  oil  in 
a  machine  in  which  all  operating  conditions  are  constant  except  the  transmitted  load. 
One  such  machine  is  the  Erdco  Universal  Tester,  Ryder  Gear  Method,  shown  in  Figure  45. 
A  detailed  procedure  for  the  operation  of  this  machine  io  given  in  Federal  Test 
Standard  791a,  Method  6508.  (Figures  U 5  through  51  in  this  appendix  have  been 
extracted  from  FTMS  791a.) 

For  the  purpose  of  this  report,  a  brief  discussion  of  the  "*our  square"  prin¬ 
ciple,  test  gears,  and  test  oil  chamber  will  suffice. 

Figure  1*6  is  a  cross-sectional  view  of  the  Ryder  Gear  Machine,  see  Item  A  in 
Figure  45.  The  upp*v  shaft  is  driven  at  the  right  end  by  components  B,  C,  D,  and  E 
in  Figure  45.  The  cest  gears  T  and  U,  Figure  3,  are  mounted  on  the  shafts  in  the 
tea*  oil  chamber  uarked  TOC.  Rote  the  helical  slave  gears,  shown  in  Figure  47,  and 
the  location  of  the  ring  grooves  near  the  shoulders  marked  "P". 

A.  STANDARD  TEST  PROCEDURE 

1 .  Installation  of  Test  Gears 

Test  gears  are  installed,  as  shown  in  Figure  48,  with  the  serial  numbers 
outward  for  the  first  test  and  the  working  side  is  arbitrarily  called  Side  A.  The 
support  and  load  oil  system  is  arranged  as  shown  in  Figure  49.  The  test  sequence 
is  as  follows: 

a.  Side  A  is  tested  with  a  pressure  P  of  5  psig  for  10  min. 

b.  The  test  is  stopped,  the  working  surface  of  every  tooth  on  he 
narrow  test  gear  is  examined  for  scuffing,  and  the  results  are  tabulated  as  indicated 
in  Figure  50. 

c.  Pressure  P  is  then  increased  to  10  nsig,  and  steps  (a)  and  (b)  are 

repeated. 

d.  The  pressure  P  is  increased  in  increments  of  5  psig  until  the 
average  percent  gear  scuff  is  approximately  4oS. 

The  test  it>  then  stopped  and  the  test  gears  are  turned  over  on  their 
respective  shafts;  i.e.,  vith  the  serial  numbers  avay  .rern  the  viewer.  After  the 
test  oil  chamber  and  circuit  (see  Figur'  49)  has  been  cleaned  and  flushed  vith  test 
oil  and  finally  refilled  with  test  oil,  the  above  sequence  is  repeated.  Res-ranglng 
the  gears  causes  the  load  to  be  applied  to  nev  tooth  surface  on  both  '•cars.  This 
second  side  is  called  Side  B. 
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Figure  47.  Slave  Gears 
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A,  Standard  Test  Procedure  (cost, ) 


2.  Condition*  of  Testa 

During  the  test  run,  teat  oil  ie  sprayed  on  the  gear  teeth  at  the  rate 
"?  270  +5  ml/rain.  The  spray  Jet  is  directed  at  the  gear  teeth  as  they  are 
uomeshing. 


Assembled  as  shown  in  Figure  k6,  both  the  slave  gears  and  test  gears  are 
engaged  to  form  a  "square."  The  housing  and  seal  arrangement  is  such  that  lubricating 
oil  pressure  from  a  secondary  source,  net  test  oil,  can  be  supplied  to  the  shoulders 
of  the  shafts  in  the  direction  indicated  by  the  arrows  in  Figure  UT.  Pressure 
applied  at  the  shaft  shoulders  tends  to  translate  the  shafts  axially  in  opposite 
directions.  The  resulting  "four  square"  principle  can  be  more  readily  understood 
if  the  lower  shaft  (Figure  i»7 )  is  considered  rigid;  1  c.,  non-rotatable ,  and 
translates  the  upper  shaft  to  the  right.  Rote  that  tne  slave  gears  are  helical  gears 
with  approximately  25°  helix  angles  and  that  this  translation  would  cause  the  upper 
shaft  to  rotate  when  the  slave  gators  are  engaged. 

When  the  shafts  and  gears  are  assembled  as  in  Figure  U6,  the  test  gears 
resist  this  tendency  to  rotate.  The  forces  resisted  by  the  test  gears  is  propor¬ 
tional  to  the  pressure  applied  at  P  on  the  upper  shaft  in  Figure  U7  *  Pressure  is 
applied  at  P  on  the  lower  shaft  to  produce  an  equal  on  opposite  force  to  that  of  the 
upper  shaft.  The  only  drive  power  required  then  XL<  that  necessary  to  overcome  the 
frictional  losses  in  the  radial  bearings  and  gears.  Since  the  pressure  P  can  be 
varied  during  operation,  it  follows  that  the  loads  on  the  test  gears  can  be  increased 
in  specific  increments . 

Standard  Ryder  Gear  teats  ere  conducted  at  a  constant  speed  of  10,000 
rpsa  and  165  >5°F  and  test  oil  temperature. 

3 •  Plotting  of  Data 

The  data  obtained  for  both  Sides  A  and  B  during  the  above  tests  are 
plotted  on  semilog  graph  paper  (as  shown  in  Figure  51),  and  the  22.5%  line  is  drawn 
through  both  curves.  Thr  intercept  of  the  22.5%  line  end  the  data  plot  for  Side  A 
is  marked  "X,"  and  mat  for  Side  B  is  marked  "Y."  The  22.5$  line  is  an  arbitrary 
standard  degree  of  ^cuffing  used  throughout  the  industry  in  the  evaluation  of  all 
oil*  Figure  51  -urv*g  are  plotted  for  each  batch  number  oil  tested  for  AGO. 

.  Calculating  Load-Carrying  Ability 

The  load-carrying  ability  of  eacn  gear  s  *  is  calculated  as  follows: 


L  ■  Load-carrying  ability  (or  scuff  limited  load)  of  the  lubricant, 
Ib/in. 
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A,  Standard  Test  Procedure  (cont.) 


K  ■  Ryder  Gear  Machine  constant  (approximately  value  18.55) 

P  »  Load-oil  pressure,  psig 

Wg  ^  Effective  tooth  width,  in.  (narrow  test  gear  only) 

Here  the  load-oil  pressure  P  is  the  value  corresponding  to  the  "X"  or 
"Y"  intercepts  of  the  curves  in  Figure  51. 

B.  STANDARD  REFERENCE  OIL 


In  order  to  establish  that  the  Ryder  Gear  Machine  is  performing  within  its 
design  limits,  a  series  of  tests  are  conducted  using  a  standard  reference  oil. 

The  oil  used  is  SAE  50,  which  has  a  viscosity  of  20  centistokes  at  210°F.  The 
foxloving  values  were  recorded  for  such  a  test: 


Oil 


Reference 


Side  A 

Side  B 

25U0 

251*0 

2850 

2500 

2660 

2720 

2860 

2650 

2260 

2260 

3160 

2780 

3380 

2850 

',710 

,300 

ll* 

19.710 

38,010 

Average  load-carrying  capability  2715  lb/in. 


After  each  20  determinations  on  test  oils  (10  sets  of  gears),  two  determina¬ 
tions  (cne  set  ol  gears)  are  jsade  on  the  standard  reference  oil.  The  two  oldest 
determinations  of  the  eight  previou-  .ference  tests  are  dropped,  and  the  latest  two 
values  are  used  to  determine  the  new  averaging  rating.  This  value  is  used  to 
e, ' ablish  i  rating  for  test  oils  relative  to  SAE  50  and  is  calculated  as  follows: 


Relative  _  Test  un  Average  Rating _ 

Rating  %  Reference  Oil  Average  Rating 
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The  properties  of  Humble  3156  gear  lubricant  are  summarized  in  fall.  XVIII. 

TABLE  XVIII 

PROPERTIES  OP  HUMBLE  3156  GEAR  LUBRICANT 
(Base  Oil:  Humble  3153  3-Centistoke  Super-Refined  Naphthenic  Oil) 


Item 

Batch 

Test  By: 

Method 

No. 

Test 

4l 

AQC 

Esso 

wsmsm 

ASTM 

Other 

1 

Viscosity  at  2x0"“,  cs 

3.10 

X 

305 

D-UU5 

2 

Viscosity  at  100°P,  cs 

14.2 

X 

305 

D-445 

3 

Pour  Point,  °P 

-30 

X 

201 

D-97 

4 

Plash  Point,  ®P 

325 

X 

1103 

D-92 

5 

Autoignition  Temperature,  °P 

735 

X 

1152 

D-286 

6 

Specific  Gravity  at  60/60°? 

0.863 

X 

401 

D-287 

T 

Acid  Number,  mg/gr  KCH 

0.60 
to  0.85 

X 

X 

5105 

D-1160 

8 

Distillate  at  330°P,  10  nm 
pressure 

5 1 

X 

9 

Corrosion  A  Oxidizer  Stability 

X 

X 

Mix  -L- 
7808D(1) 

Copper  mg/cm^ 

-1.29 

Similar 

Soft  Steel  rng/cmg 

-0.12 

to 

Aluminum  mg/cm2 

♦0.10 

5308.4 

Silver  mg/cm 

-0.07 

10 

Roaming  Characteristics 

X 

MIL-lr 

9708D(l) 

Sequence  1  (5/5) 

Pass 

Similar 

Similar 

Sequence  2  (5/3) 

Pass 

to 

to 

Sequence  3  (5/5) 

Pass 

3211.2 

D-892-63 

11 

Water  Content,  %  by  vgt.  Max. 
(Karl  Fisher) 

0.01 

X 

12 

Spindle  Corrosion  Test 

140°P  for  5  days 

Pass 

X 

AGC 

13 

Room  Temperature  for  5  Days 

Storage  Stability 

Pass 

X 

MTL-L- 
8708D( 1 ) 

14 

Extended  Storage  Stability 

X 

AGC 

Table  XVIII,  Page  1  of  2 
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TABLE  XVIII  (eont.) 

Item  Batch  Test  By:  _ Method 

No. _ Test _  hi  AGC  Esso  PTM5  T91a  ASTM 


15 

Long-Ihiration  Corrosion  and 
Material  Compatibility  Test 

X 

16 

Chemical  Compatibility  Tests: 

Vu 

Pass 

Aerozine 

Pass 

Ammonia 

Pass 

Water 

Pass 

17 

Compatibility  with 

Pass 

X 

Similar  to 

(MIL-L-7808D(1) 

3h03 

18 

Swelling  of  Synthetic  Rubber 

Pass 

X 

360U 

19 

Load  Carrying  Ability,  lb/in. 

3000 

X 

6508 

20 

Aeration  Test,  sec 

39 

X 

21 

Specific  Heat  at: 

100°F 

0.h93 

150 

0.518 

200 

0.5h3 

300 

0.592 

350 

0.6l8 

22 

Precipitation  Number,  mg/200  ml 

Less 

than 

0.005 

X 

300U/U 

23 

Vapor  Pressure  at  300°F,  ran  Hg 

2.6 

X 

1201 

2h 

Filter  Plugging  Test 

Pass 

X 

Table  XVTI'  -  2  •  2 


Other 

AGC 

AGC 

AGC 

AGC 

MIL-L- 
T808D(l ) 

AGC 
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SOLVEET  COMPATIBILITY  STUDIES 
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Solvent  compatibility  of  the  prospective  oil,  3156  gear  lubr^ant,  and  Bryco 
Conojet  8CC  ( MIL-L-T808D1 )  lubricant  was  investigated  in  the  AGC  laboratory. 

Three  solvents  wre  uaed  for  the  teste: 

1 .  Freon  TF 

2.  Trichloroethylene 

3.  Solvent  250  ( Chevron) 

Freon  TF  ie  uaed  for  the  gearbox  proper  and  ie  highly  volatile.  Trichloro¬ 
ethylene  is  used  for  cleaning  rolling  contact  bearings  in  the  gearbox.  Solvent  250 
ie  uaed  by  the  Weatern  Gear  Corporation  for  degreasing  of  the  gears.  It  ie  highly 
volatile,  which  reduces  chance  of  contamination.  Small  amounts  of  trichloroethylene 
were  found  in  the  bearing  cavities. 

In  order  to  test  above  two  lubricants  for  chemical  compatibility  vith  the 
solvents,  5  and  O.lf  of  each  'idvent  were  added  to  the  oil.  Metal  corrosion 
and  viscosity  change  have  been  recorded. 

From  the  test  results,  which  are  shown  in  Table  XIX,  no  reaction  could  be 
observed  vith  either  oil.  Also,  no  free  chloride  ions  have  beer,  detected. 

Aluminum,  soft  steel  and  silver  showed  no  signs  of  corrosion.  It  is  concluded 
that  both  oils  are  solvent  compatible. 
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TABLE  XIX 

S0L7EHT  COMPATIBILITY  TESTS 

Observations 


Lubricant 

Solrent 

vgt. 

Water, 

* 

•  _ 

Metal  Corrosion, 

Silrer  Aimin'** 

“g/c”2 

SAE 

1008 

Vis¬ 

cosity 

Change 

* 

ppt, 

Eg/ 200  si 

Others 

MIL-L-T808D(1) 

5*  TE^ 

-0.039 

-0.039 

-0.031 

♦10.9 

Rone 

Oil  Clear 

MIL-L-7808D(1) 

0.1*  TE 

-0.024 

-0.039 

-0.031 

♦  3-9 

Rone 

Oil  Clear 

MIL-L-T808D(l) 

5*  TCE^ 

— 

-0.024 

-0.039 

-0.085 

♦11.7 

Rone 

Oil  Clear 

MIL-L-7808D(l) 

0.1*  TCE 

— 

0 

-0.031 

-O.Olfc 

♦  9-3 

Rone 

Oil  Clear 

KIL-L-7808D(1) 

5*  TF 

0.15 

♦0.031 

-0.024 

-0.16 

♦  6.9 

Rone 

Light  ppt 

MIL-L-7808D(1) 

0.1  TE 

0.15 

C 

-0.039 

-0.46 

♦  4.7 

R  one 

Light  pot 

MIL-L-7808D(1) 

5*  TCE 

C.15 

-0.04t 

0.038 

-0 . 047 

♦  5.0 

Rone 

Light  ppt 

MIL-L-7808D(1) 

0.1*  TCE 

0.15 

-0.01? 

-0.036 

-0.047 

<  3-5 

Rone 
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DRAINING  AN!  FLUSHING  PROCEDURE 
FOR  TITAN  II  GFARBOX 


Report  S8D-TR-65-l6l-l,  Appendix  V 


The  following  draining  and  flushing  procedures  should  be  used  in  the  field 
to  adniaiste  the  ajaount  of  residual  MIL-L-T808D(l)  oil  in  the  Titan  II  gearboxes 
prior  to  refilling  ■r’th  the  nev  oil. 

A.  87-5  ( FIRST-STAGS  GEARBOX) 

1.  Drain  lubrication  oil  per  Engineering  Test  Directive  (ETD)  2.1-3.65. 

2.  Remove  the  drain  plug  from  the  oil  side  of  the  lubrication  oil  heat 
exchanger  <-nd  rotate  the  turbine  shaft  800  to  1000  rpo  for  one  nlnute  with  an  air  motor 
adapted  to  tie  turbine  rotor. 

3.  Introduce  nev  oil  at  the  PLD  connection  at  20  psi  while  rotating  the 
turbine  shaft  at  800  to  1000  rpo  and  drain  per  Steps  1  and  2  above. 

3.  91-5  ( SECOWD -STAGE  GEARBOX) 

Drain,  flush,  and  reflush  per  the  37-5  procedure  above,  except  that 
rotating  the  turbine  shaf-  during  draining  is  not  required,  and  the  applicable 
Engineering  Test  Directive  is  ETD  2.1-3.66. 
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